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Follow-up Study on 3rd Science and Technology Basic Plan  
Outline of “Analysis of Graduate Education in Japan” Project 
 
In order for Japan to maintain and improve its international competitiveness, strengthening the human 
resources development function of graduate schools is more important than ever. On the other hand, major 
environmental changes have occurred, including an expansion in the scale of graduate schools resulting from the 
policy of prioritizing graduate schools, and a decline in the population of young persons, so that qualitative 
improvements in graduate school education responding to these changes are necessary. The general directions 
for this are as laid out in reports in recent years. However, in order to give concrete form to these directions and 
realize their goals, it is necessary to study the problems which are occurring in actual classrooms and 
laboratories in graduate schools, and the concrete methods of and impediments to improvement, based on the 
differences in fields and roles. 
Therefore, this study project was carried out as part of the study research in connection with follow-up on 
Japan’s 3rd Science and Technology Basic Plan, with the aims of assessing the actual conditions and issues in 
education at the large-scale research-oriented graduate schools of science and engineering in Japan, obtaining 
suggestions for improvement through a comparison and analysis of examples at the top class universities in other 
countries, including the United States, the United Kingdom, and others, and clarifying the actual condition of 
diversification of career paths and international mobility of doctoral graduates based on an assessment of the 
trends in the career paths of persons who have completed doctoral programs. 
 
This study project comprises two parts. In Part 1, which concerns graduate school education and securing 
students, an international comparative study of science and engineering as a whole was carried out, focusing on 
recruitment of excellent graduate students and improvement of the quality of graduate school education, based 
mainly on an interview study (Japan: 10 universities (56 persons), United States and United Kingdom: 2 
universities each (14 persons in each country). In addition, considering the differences between individual fields, 
the curriculums in three designated fields were compared at two universities in Japan and two universities in the 
United States. 
As a main result of the study, this research reconfirmed the importance of “substantiating and assuring the 
quality of graduate education by providing systematic curriculums corresponding to purposes,” which had 
already been pointed out in other government reports In the United States, there is a recognition that a sure 
mastery of basic and wide-ranging knowledge through course work in the equivalent of the master’s program is 
indispensable for improving the research work that follows. The present study clarified the fact that American 
graduate schools have also established academic and research guidance systems for this purpose (e.g., guidance 
and examination systems involving multiple teachers). As distinctive features of graduate education in the 
United Kingdom, graduate schools provide opportunities for doctoral students to acquire general purpose 
“transferable” skills in order to cope with diverse career paths, and promote higher efficiency by offering courses 
in research techniques, thereby responding to the increased number of graduate students. Some graduate schools 
in Japan have also begun various efforts to improve graduate school education, for example, by establishing 
systematic curriculums and organizational guidance by multiple teachers. However, these efforts depend in large 
part on the awareness and efforts of individual teachers. Furthermore, through the perceptions of teachers, this 
study also revealed an actual situation in which students hesitate to advance to doctoral programs due to 
uncertainty about the prospects of employment in academia and industry, the lack of attractiveness of this career 
path, and similar reasons. Academia is the base for the development of highly skilled professionals, and from 
this viewpoint, ensuring that successors to the present generation of university teachers are trained and secured is 
an important challenge for the future. In view of Japan’s low birthrate, an expansion in academic posts cannot 
necessarily be expected; however, it is important to make academic careers attractive by increasing the number 
of posts for young teachers, creating systems which enable university teachers to concentrate on teaching and 
research. On the other hand, in the United States, a wide range of positions in society are open to doctoral 
graduates, and differences in the roles and compensation of doctoral graduates and master’s graduates are 
recognized. Thus, the United States has created an environment in which incentives for students to pursue 
doctoral degrees can function effectively. In Japan as well, it is considered important to create an appropriate 
environment, including presenting attractive career paths after completion of the doctoral degree, so as to attract 
i 
a larger number of excellent students to doctoral programs. 
 
In Part 2, diversity such as career paths and international mobility of doctoral graduates (persons completing 
doctoral degrees in fiscal years 2002-2006) was analyzed based on an questionnaire survey of all universities in 
Japan which have doctoral programs. 
The results revealed that approximately half of the doctoral graduates were employed in research and 
development related occupations. Persons who became postdoctoral fellows after completing a doctoral program 
accounted for 15% of the total of persons completing doctoral degrees (total completing degrees in fiscal years 
2002-2006), while 19% were employed in university teaching positions. In particular, as regards persons who 
became postdoctoral fellows after completing doctoral degrees, greater career advancement could be seen among 
persons in research and development related occupations other than postdoctoral fellow (for example, among 
university teachers), even with the passage of time. However, room remains for study of the proper form of 
support for persons employed as postdoctoral fellows for extended periods of time, as exemplified by the fact 
that some persons continued to be employed as postdoctoral fellows even five years after completion of a 
doctoral degree. From the viewpoint of the international mobility of doctoral graduates, among Japanese doctoral 
graduates, the number who move overseas immediately after completion of a doctoral degree is small, and it can 
be said that the international activity of Japanese doctoral graduates is limited. As regards foreign students who 
complete doctoral degrees in Japan, even among those who find employment in Japan immediately after 
completing their degree, a tendency to leave Japan at some later date can be seen. Thus, it is important to 
improve the environment for promoting international activity by Japan’s doctoral human resources, and at the 
same time, to grasp the background of the trends in the career paths of foreign students when realizing the 
“300,000 Foreign Students Plan.” 
 
The study in Part 1 was conducted by interviews, mainly with university teachers. The current condition and 
issues for graduate school education in science and engineering in Japan and examples of advanced efforts 
toward the improvement of education at graduate schools in certain foreign countries were presented. It is hoped 
that these results will be used as basic information for study of improvement of graduate school education and 
higher education policy in Japan in the future. It is also considered that the results of the survey of the trends in 
the career paths of doctoral graduates in Part 2 will contribute not only to the verification of the results of 
education and improvement of education at the universities with doctoral programs themselves, but also to the 
selection of career paths by students. 
 
Issues for future study include a more comprehensive study considering the desires of the students who 
receive education and industry and others which employ graduates from graduate schools, a more detailed study 
of the obstacles to securing excellent students, assessment of the actual conditions of university management and 
the teaching and research support systems, and an ongoing assessment of the trends in the career paths of persons 





























Background and Purpose of the Study 
In order for Japan to maintain and improve its international competitiveness, the human resources 
development function of graduate schools has become more important than ever before. On the other hand, 
environmental changes have also occurred, including an expansion in scale resulting from the policy of 
prioritizing graduate schools, a declining young population due to Japan’s low birthrate/aging society. Therefore, 
qualitative improvement in graduate school education responding to these changes is necessary. 
As directions in graduate school education, the report of the Central Council for Education, entitled “Graduate 
School Education in a New Age: Restructuring into an Internationally Attractive Educational System” 
(September 2005, in Japanese) mentioned two points, namely, substantiation of graduate school education and 
improvement of international applicability and reliability. The “Basic Policy for Economic and Financial Reform 
2007” (June 2007, in Japanese) mentioned basic directions for the reform of universities and graduate schools, 
including assurance of the quality of education, reform of universities through internationalization and 
diversification, reform of graduate school education aiming at the world’s top level. The Council for Science and 
Technology Policy, in its “Reform of the Research Systems in Universities and Graduate Schools – For 
Enhancing International Competitiveness in Research – ” ( November 2007, in Japanese), identified issues 
related to the research systems of Japanese universities and graduate schools as a factor in this country’s 
exclusion from the international circulation of human resources in research, and summarized the measures for 
development in terms of two objectives, reform of research human resources development and creation of an 
internationally attractive research environment base. In order to give concrete form to these various aims, it is 
important to assess the actual condition and issues in graduate school education in Japan, and to clarify the 
condition of activity of human resources who have been trained through graduate school education. 
Therefore, the aims of this study project are to clarify the ideal form of the graduate school education which is 
necessary in order to educate students enabling Japan to perform educational and research activities at the 
world’s highest level in the midst of globalization, based on interviews with frontline educators and a 
comparative study with other countries, and to assess the trends in the career paths of doctoral graduates. 
 
Composition of the Study Project 
This study project was carried out as part of the follow-up research on Japan’s 3rd Science and Technology 
Basic Plan, and comprised the following two studies.  
 
Part 1 International Comparison of Education in Natural Sciences and Engineering Graduate 
Schools 
The purpose of this study is to clarify the actual condition and issues in graduate school education in science 
and engineering at large-scale research-oriented universities in Japan, and to extract examples of advanced 
efforts toward improvement of education. To obtain suggestions on the ideal form of graduate school education, 
which is necessary for educate students capable of performing educational and research activities at the world’s 
highest level in the future, the actual condition of educational activities at the top level universities in other 
countries, including the United States and United Kingdom., was surveyed. Concretely, after carrying out an 
international comparative study of science and engineering as a whole, focusing on securing excellent students 
and improving the quality of graduate school education, the curriculums in three designated fields were 
compared at schools in Japan and the United States, considering the differences between academic fields. 
*For details of the study results, see NISTEP Report No. 125. 
Part 2 Survey of Trends in Career Paths of Doctoral Graduates in Japan 
In this part, the trends in the career paths of all persons completing doctoral degrees in Japan (persons 
completing degrees in fiscal years 2002-2006) are surveyed, and the diversity of career paths, international 
mobility of the doctoral graduates are analyzed. 
*For details of the study results, see NISTEP Report No. 126. 
3 
Composition of Project Committee and Outline of Implementation 
In carrying out this study project, an “Analysis on Graduate Education in Japan” project committee was 
organized. Four meetings of the committee were held, and advice was received from the committee members. 
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Chairperson Satoshi Ihara Director, Institute for International Advanced Research and Education, 
International Advanced Research and Education Organization, Tohoku 
University 
 Tatsuo Izawa Executive Vice President for Research, Tokyo Institute of Technology 
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Tsukuba 
 Yoshiko Takahashi Professor, Graduate School of Biological Sciences, Nara Institute of 
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 Makoto Muto Professor, Graduate School of Medicine, Kyoto University 
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Part 1 International Comparison of Education in Natural Sciences and 
Engineering Graduate Schools 
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Chapter 1  Background and Objectives of the Study 
The human resources development function of graduate schools has become critical for Japan more than ever 
before as this country seeks to maintain and improve its international competitiveness. At the same time, because 
large environmental changes are also occurring, including an expansion in the scale of graduate schools due to 
the prioritization of graduate school education and a decreasing population of young people, qualitative 
improvement in graduate school education that responds to these changes is necessary. As noted in 
recommendations and reports in recent years, the following may be mentioned as the general directions for this: 
“Substantiation of graduate school education and assurance of quality by organizing systematic curriculums 
corresponding to objectives,” “Necessity of graduate school education responding to the training of diverse 
human resources (researchers, advanced specialists, university teachers, human resources with advanced 
intellectual knowledge),” and “Reform of human resources development for researchers and creation of an 
internationally-attractive research environment and infrastructure in the research system of universities and 
graduate schools in Japan aiming at the world’s top level.” 
In order to give concrete form to these objectives and promote their realization, it is necessary to study what 
types of problems occur in actual graduate school education, what specific types of improvements are necessary, 
and what bottlenecks to realizing those improvements exist, based not on the “graduate school” in general, but 
on specialized fields and differences in the roles of graduate schools. For Japan to maintain and improve its 
international competitiveness and create innovation, there is an urgent need for study of improvement in 
graduate school education, centering in particular on the sciences and engineering, and within this, firstly, study 
of graduate school education at the research-type universities which compete with the top-level universities in 
the world. 
Accordingly, the objectives of this study are to assess the actual state of graduate school education and 
identify the issues to be addressed by field surveys of science and engineering-related graduate schools in Japan, 
and clarify the directions for improvement by a comparative analysis with examples in other countries, including 
the United States and United Kingdom, among others. 
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Chapter 2  Outline of Graduate Schools in Object Countries of the Study 
Section 1 Graduate Schools in Object Countries 
1． Selection of Object Countries 
Five countries were selected as objects of study, these being the United States, the United Kingdom, China, 
Korea, and Japan. These were selected based on two viewpoints, namely, these countries offer advanced 
examples which can serve as reference when studying the proper form of graduate schools in Japan, and they are 
countries from which it is possible to collect examples and which have the potential to become competitors. In 
this report, first, the graduate school systems in the respective countries will be described. This will be followed 
by a comparison of the current status of graduate schools such as the scale of the student body, focusing mainly 
on those majoring in science and engineering, and policies for improvement of graduate school education in each 
country. 
 




ranking in top 100 
in THES (World 
University 
Ranking) 2007 













The US is a leading power in science and 
technology; it created the world’s first graduate 
school system in the 19th century, and is 
considered to be maintaining top-class higher 





The UK is an advanced nation. It has a long 
history of higher education and various types of 
universities. In recent years, it has put effort into 
attracting foreign students. 
60.6 39,207
Japan 4 - 127.8 34,252
China 3 
China has achieved remarkable development in 
higher education in recent years, and is also a 
potential competitive rival of Japan in science 
and technology development. 
1,323.6 2,055
Korea 1 
Higher education is more widespread in Korea 
than in Japan, and the main universities have 
introduced Western models. 
48.5 18,164
(Note) Items indicated as (Reference) are cited from the Ministry of Internal Affairs and Communications (MIC) of Japan, “World Statistics 
2009.” 
2． Graduate School Systems in Respective Countries 
① Degree system1 
In the system of graduate school education which is generally used Japan, students advance to the doctoral 
program through a master’s program. However, in the systems generally used in graduate schools in the United 
States and United Kingdom, master’s programs and doctoral programs are established in parallel, and a master’s 
                                               
1 See Ministry of Education, Culture, Sports, Science and Technology (MEXT), “Higher Education in Foreign Countries” (in Japanese), 
March 2004; for Korea, see Takekazu Ebara, “Reform of Graduate Schools” (in Japanese), July 2004. 
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degree is not a prerequisite for advancing to the doctoral program. Furthermore, because the standard period for 
completion of graduate programs and the normal age of students in graduate schools differs in each country, it is 
necessary to note that a simple comparison of the graduate school programs in Japan and other countries is not 
possible. 
② Host institutions of graduate schools2  
Large numbers of private graduate schools exist in Japan, the United States, and Korea. Looking at the shares 
of private graduate schools relative to the number of graduate students, private graduate schools account for a 
large percentage of students in Korea, about half in the United States, and a low percentage in Japan. In the 
United Kingdom, with one exception, graduate schools are generally considered to be national universities. 
Details concerning private graduate schools in China are unknown. 
③ Education and research organization of graduate schools  
Graduate schools in Japan are generally organized from the organization of teachers in undergraduate school 
faculties. Graduate schools in the United States are generally established as an education and research 
organization which is independent from undergraduate schools, but share facilities with their faculties, and in 
many cases, graduate school teachers also teach undergraduate students. In the United Kingdom, graduate school 
programs are generally established in colleges and departments. In China, in addition to universities, graduate 
school programs have also been established in research institutes, and the number of independent graduate 
school organizations is small. In Korea, graduate schools are positioned in a direct linkage with universities. 
④ Selection of students  
In Japan, it is the general practice to conduct selection examinations (written, interview) in each 
university/field. In the United States, in many cases, students are selected by examination of documents, based 
on entrance qualification tests conducted by private-sector testing organizations and recommendation letters, 
undergraduate academic records. In the United Kingdom, selection is based on screening of documents such as 
undergraduate records in each university. In China, at the masters level, the general practice is nationwide tests 
and tests by each institution seeking applicants, while in doctoral programs, students are generally selected based 
on common university-wide tests (foreign languages) and tests by field (oral examination or essay) in each 
institution. In Korea, the general practice is selection by oral examination (interview) and written (or practical) 
test individually by each university. 
⑤ General system of graduate school education  
In Japan, the general system of graduate school education in master’s and doctoral programs consists of 
acquiring 30 or more credits through study of course subjects, receiving research guidance, and writing a thesis 
or dissertation for the degree. In the United States, students are required to take specified courses (master’s 
degree: normally 1 year, doctoral degree: normally 2 years) and write a paper. In particular, in doctoral programs, 
students are required to take a qualifying examination before writing a dissertation. In educational courses in the 
United Kingdom, master’s programs center on study of courses, but in research courses, students are required to 
submit a research paper. In doctoral programs, students conduct research activities and write papers under an 
academic advisor. In master’s programs in China, course time accounts for half or more of total study time, and 
papers account for one-quarter or more; doctoral programs center mainly on research and the doctoral 
dissertation. In master’s programs in Korea, students are allowed to submit their master’s thesis after being 
students for at least one year and acquiring 24 or more credits in their major field; in doctoral programs, it is 
necessary to pass foreign language tests in 2 languages and a doctoral degree examination before writing a 
doctoral dissertation. 
                                               
2 For Japan, the UK, and Korea, see MEXT, “International Comparison of Educational Indexes” (in Japanese), 2009 edition; for the United 
States, see NCES, “Digest of Education Statistics 2008”; for China, see National Statistics, People’s Republic of China, “China Statistical 
Yearbook 2008” (in Chinese). 
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⑥ Education and research levels of graduate schools 
In multiple rankings of the world’s universities, universities in the United States and United Kingdom occupy 
the top places, and the United States holds a particularly large share. The number of top-ranking universities, for 
example, universities in the top 100, is small in Japan, China, and Korea. 
 
Table 1 - 2 Shares of universities of respective countries in world ranking of universities 
World Universitiers Ranking 2007 Academic Ranking of World University 2007  
In Top 100 In Top 200 In Top 100 In Top 200 
Japan 4% 5% 6% 4% 
US 37% 28% 53% 44% 
UK 19% 16% 11% 11% 
China 3% 3% 0% 0% 
Korea 1% 1% 0% 0% 
Sources: Prepared based on information from the following websites: 
THES: http://www.timeshighereducation.co.uk/hybrid.asp?typeCode=144  
Academic Ranking of World Universities: http://www.arwu.org/rank/2007/ranking2007.htm
3． Current Status of Graduate Schools in Each Country 
① Changes in graduate schools in Japan 
(a) Changes in population of young persons and number of students entering graduate schools 
The population of 18 year olds peaked in 1992 and then began to decline. The population of persons aged 22 
to 24 years, which is considered to be the age when entering graduate schools, will remain roughly constant for 
10 years from 2014, but will begin to decline thereafter. It is thought that these changes in the young population 
will have large effects on the ability of graduate schools to secure students and on education in graduate schools 
in general. 
Where science and engineering are concerned, students entering graduate programs at both the master’s and 
doctoral levels increased rapidly after 1990, but then reached a plateau. In recent years, a declining tendency has 
been seen in doctoral programs. A similar tendency was also seen in engineering, where the number of students 






Trend in 18 year old population, number of students entering institutions of higher education, and 



























Source: Prepared by MEXT based on MEXT, “School Basic Study” 
(however, bulletin numbers were used for fiscal year 2008) (in Japanese). 
(Fiscal year)
Universities: 49.1%  
Junior colleges: 6.3% 
Advancement 2 (Universities 
+ Junior colleges) 
Universities: 49.1% 
Junior colleges: 6.3% 
Colleges of technology (4th 
year): 0.9% 
Specialized training colleges: 
20.6% 
Active application ratio 
(Universities + Junior colleges) 
Universities: 53.5% 
Junior colleges: 6.6% 
Advancement 1 (Universities + Junior 
colleges + Colleges of technology + 
Specialized training colleges) 
Capacity (Universities + 
Junior colleges) 
Post-2000 







Number of students in 4th
year of college of technology
University admissions 
(10,000 persons) 




High school graduates 
(10,000 persons) 
18 year old population 
(10,000 persons) 
●18 year old population: Number of persons graduating from middle school 3 years previously and 
completing lower courses in secondary education school 
●Advancement ratio 1: Number of persons entering universities, junior colleges, and specialized training 
colleges and students in 4th year of colleges of technology in said fiscal year / 18 
year-old population 
●Advancement ratio 2: Number of persons entering universities or junior colleges in said fiscal year / 18 
year old population 
○Number of high school graduates: Number of persons graduating from high school and graduating from 
upper courses in secondary education school 
○Active application ratio: Number of persons who have submitted applications to universities or junior 
colleges among number of high school graduates in said fiscal year / Number of 
high school graduates in said fiscal year 
○Capacity: Number of persons entering universities and junior colleges in said fiscal year / Number of 
applicants to universities and junior colleges in said fiscal year 
Figure 1 - 1 Trends in population of persons 18 years of age in Japan and in number of students entering 
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Master’s course (enrolled) Master’s course (applied)
Doctoral course (enrolled) Doctoral course (applied)  
Source: Prepared based on annual editions of MEXT “School Basic Study.” 
Figure 1 - 3 Trends in graduate school applications and enrollment in Japan (left: science, right: engineering) 
 
(b) Enrollment ratio and admission capacity 
Looking at the enrollment ratio relative to admission capacity (number of students enrolling/admission 
capacity), the enrollment ratio in master’s programs in engineering greatly exceeds 100%. On the other hand, in 
both the natural sciences and engineering, the enrollment ratio in master’s and doctoral programs now shows a 
declining tendency. A tendency to increase admission capacity in response to stagnation in the number of 






































































































Admission capacity (engineering) Enrollment ratio (engineering)  
Sources: The number of enrollments was prepared based on the annual editions of MEXT “School Basic Study”; admission capacity is based 
on Bunkyo Kyokai, “Universities of Japan” (both in Japanese). 
 
Figure 1 - 4 Trends in admission capacity and enrollment ratio of graduate schools in Japan (top: master’s 
program, bottom, doctoral program; left: science, right: engineering) 
 
(c) Number and composition of teachers  
The number of university teachers (full-time) has shown an increasing tendency. However, because the rate of 
increase in posts for young teachers (lecturers, assistant professors) is small in comparison with the rate of 
increase in professorial positions (professor, associate professor), the percentage of the former is decreasing. 
Although the number of university teachers (full-time) is tending to increase overall, the absolute number of 
university technical staff is declining, while the number of educational staff is flat. As a result, the composition 








































































Young teachers (full-time)     




Persons other than technical staff (full-time)
 Indexed to 1980 numbers as
1980 (1000 persons)
Young teachers (full-time) 45
Teachers other than young persons (full-time) 58
Students (graduate school) 54
Students (undergraduate) 1,742
Technical staff (full-time) 19

















































































































































































Technical Educational Other Administrative Medical
 
(Note) Young teachers are defined as lecturers, research assistants, and research associates. Definitions related to the educational system are 
in accordance with the MEXT “School Basic Study.” 
Source: Prepared based on annual editions of MEXT, “School Basic Study.” 
 
Figure 1 - 5 Number of teachers (full-time) in Japan, and ratio and composition of number of students 
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(d) Number of teachers hired 
Comparing the number of university teachers hired and the number of persons completing doctoral degrees, 
since 1997 the number of persons completing doctoral degrees has exceeded hiring of university teachers, 







































Hiring of university teachers Number of persons completing degree (graduate school doctoral course)
 
(Note) Here, “hiring” of university teachers includes, in addition to hiring from new graduates, private companies, and non-full time teachers, 
movement of full-time teachers from schools at the high school level and lower. 
Sources: Number of persons completing degree (graduate school doctoral program) was prepared based on the annual editions of MEXT, 
“School Basic Study”; hiring of university teachers was based on MEXT, “Statistical Survey of School Teachers,” 2007 edition (both in 
Japanese). 
 
Figure 1 - 6 Comparison of number of university teachers hired and persons completing graduate school doctoral 
programs 
(e) Diversification of students and response thereto 
Diversification of graduate students is progressing. Concretely, in both master’s programs and doctoral 
programs, enrollment from other universities exceeds 30%, and the percentage of persons entering from other 
fields has reached 4.4% in master’s programs and 8.6% in doctoral programs.3 The percentage of so-called adult 
graduate students4 among all graduate students is now 12.1% in master’s programs and 33.1% in doctoral 
programs. By major field of study, in master’s programs, the percentages of adult graduate students are small in 
science (1.1%) and engineering (1.8%), but at the doctoral level, these numbers increase to 10.8% in science and 
33.2% in engineering.5
                                               
3 See MEXT, “Results of Survey of Efforts in connection with ‘Outline of Policies for Promotion of Graduate School Education’ in Graduate 
Schools,” for fiscal year 2007 (in Japanese). 
4 “Adults” in this context are defined as persons who were employed as of May 1, 2008, but also includes persons who had retired from work 
and homemakers, etc. 
 See MEXT, “School Basic Study,” FY2008 edition (in Japanese). 5
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(f) Economic support 6 
The percentage of students employed as teaching assistants (TA) is limited to approximately 20% at the 
doctoral level and approximately 30% at the master’s level, while the percentage of students employed as 
research assistants (RA) is less than 20%, even at the doctoral level, and virtually nil at the master’s level. As 
funding for RA/TA students basic expenses account for the largest share, at 97.7% for TAs and 56.3% for RAs. 
② Comparison with other countries 
(a) Scale of graduate schools 
In comparison with the growth in the number of graduate students in Japan, Korea, and the United Kingdom 
(full-time only), the growth in the graduate student populations in the United States and China has also been 
large even after the year 2000, and this growth has been particularly remarkable in China. The number of 
graduate students per 1000 persons is smaller in Japan than in the US, UK, and Korea, and although larger than 
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(Note) Japan includes foreign students. In the United States, the number of graduate students is the total of those in graduate schools and 
programs to obtain first professional degrees. Statistics for the UK include, in addition to universities, students at the graduate school level in 
the Former Polytechnic Universities (values for 1991-1992) and in Higher Education Colleges. Foreign students (including students from 
abroad) are also included. Statistics for China include students in programs at the graduate school level attached to research institutions. 
Source: Prepared based on annual editions of MEXT, “International Comparison of Educational Indexes” (in Japanese). 
 
Figure 1 - 7 Number of graduate students (left) and number of graduate students per 1000 of the population (right) 
 
                                               
 See MEXT, “Survey of Condition of Activity at Graduate Schools” for FY2007. 6
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(b) Numbers of persons receiving degrees in natural sciences and engineering and ratio of bachelors, 
masters, and doctors 
 The following presents the results of a comparison of the trends in persons receiving doctoral degrees in the 
natural sciences and engineering by country. In Japan, the number of persons receiving doctoral degrees in the 
natural sciences and engineering is approximately the same as in the United Kingdom and double that in Korea. 
However, the number is more than two times larger in the United States than in Japan, and this difference has 
continued to grow since 2000. Furthermore, the growth in doctorates of China has been remarkable. In 2000, the 
number of doctors produced by China exceeded that in Japan, and by 2004, was nearly double. 
 Looking at the numbers of persons receiving degrees per 1000 persons in Japan, the US, and the UK, in 
science, the number of persons receiving degrees in Japan is smaller than in the US and UK. However, in 
engineering fields, the number of persons receiving bachelor’s degrees in Japan is larger than in the US and UK, 
and the numbers are approximately the same at the master’s and doctor’s levels. 
 
 
Source: National Science Board, “Science and engineering indicators 2008.” 
 




































Source: Prepared based on MEXT, “International Comparison of Educational Indexes,” 2008 edition (in Japanese). 
 
Figure 1 - 9 Number of persons receiving degrees in science and engineering fields (per 1000 of the population; 
top: science, bottom: engineering) 
 
(c) Condition of internationalization of universities 7 
The number of foreign students studying at graduate schools in Japan is smaller than that in the US and UK, 
and Japan also sends fewer students overseas than the US, Korea, and China. Looking at the numbers of foreign 
students in each country (including undergraduates) by major field of study, in the US and UK, the two top fields 
for foreign students are business (management) and engineering. In contrast, the top fields in Japan, China, and 
Korea are in the humanities (literature and language). Regarding implementation of courses conducted in English, 
which can attract foreign students, in Japan and Korea, only part of the educational programs are conducted in 
English. Japan and Korea apply the same tuition fees to both domestic and foreign students, whereas the US and 
UK set higher tuitions for foreign students than for domestic students. 
                                               
7 Regarding the number of foreign students received, etc., see Ministry of Foreign Affairs, Public Diplomacy Department, Exchange 
Programs Division, “Policies for Receiving Foreign Students in Main Countries,” May 2008 (in Japanese). For the status of implementation 
of English-language education and the tuition levels for foreign students, see OECD, “Education at a Glance,” 2007 edition. 
 18






Number of foreign students received (graduate schools) / Total enrollment of graduate schools
0 50000 100000 150000 200000 250000 300000
No. of foreign students received (graduate schools)
Number of foreign students received / Total graduate school enrollment     
Number of foreign students received (graduate schools)
(Note 1) For the US and UK, total enrollment includes only full-time students.
(Note 2) For the US, total enrollment is the value from 2005; for other countries,
enrollment is for the same year as No. of foreign students received.
 
Sources: For Number of graduate students received, prepared based on Ministry of Foreign Affairs, Public Diplomacy Department, 
Exchange Programs Division, “Policies for Receiving Foreign Students in Main Countries,” May 2008 (in Japanese). For Total enrollment of 
graduate schools, prepared based on MEXT, “School Basic Study” (in Japanese). 
Figure 1 - 10 Number of foreign graduate students received in respective countries 
(d) Advancement of domestic students to science and engineering graduate schools 
In Japan, the percentage of foreign students relative to all graduate students increased until the beginning of 
the 1990s, declined until the end of the 90s, and then once again increased. In comparison with other fields, in 
science and engineering, the percentage of domestic students (excluding foreign students) remains still high. (In 
fiscal year 2007, the percentage of foreign students to all graduate students in all fields was 13.1%, but the 
percentages were 5.1% in science and 9.7% in engineering.) On the other hand, in the United States, foreign 
students account for large percentages of those receiving doctoral degrees in science and engineering 
(approximately 60% in engineering fields and approximately 35% in the natural sciences). In the United 
Kingdom, there has been no increase in the number of domestic students receiving doctoral degrees in the 
natural sciences and engineering, and it has been pointed out that the percentage of doctorates in the natural 
sciences among all doctorates in the UK has decreased (from 65% to 57%).8。 
(e) Career paths of doctoral degree recipients 
The directions of career paths of recipients of doctoral degrees in Japan are analyzed in Part 2 of this report. 
However, looking at the actual results for those completing their degrees in fiscal year 2005, among persons 
completing doctoral programs for whom it was possible to obtain information on career paths (limited to persons 
actually receiving a doctoral degree; does not include those who withdrew upon completing program/time 
requirements), approximately 20% were working as postdoctoral fellows immediately after completion of their 
degrees. In particular, the percentage who became postdoctoral fellows was high in the natural sciences and 
engineering, at approximately 50%, in comparison with other fields. Among persons who were not employed as 
postdoctoral fellows, those affiliated with educational institutions such as colleges/universities and public 
research institutions, and elementary, middle and high schools accounted for the largest number, at around half, 
followed by approximately 28% who were employed in private companies. 
In the United States, in 2005 the National Science Foundation (NSF) surveyed the expected career paths of 
persons receiving doctoral degrees and found that, among “Recipients with definite plans,” 32% expected to 
                                               
8 For the United States, see National Science Board, “Science and Engineering Indicators, 2008”; for the United Kingdom, see Royal Society, 
“A higher degree of concern,” January 2008. 
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become postdoctoral fellows.9 However, among recipients of doctoral degrees in the life sciences and physical 
sciences, the numbers of persons who expected to become postdoctoral fellows were high, at 58% and 54%, 
respectively, showing that becoming a postdoctoral fellow after receiving a doctoral degree has become a 
general career path in these fields. Among persons employed in occupations other than postdoctoral fellow, 57% 
were employed in Educational institutions and 29%, in Industry/business. 
Regarding trends in career paths in the United Kingdom, 22% of new doctors become postdoctoral fellows 
after completion of a doctoral program, and this percentage increases to 36% in the Biological sciences. Persons 
affiliated with educational institutions, including primary and middle school education, account for half of the 
total number. 
 
4． Policies for Graduate Schools in Various Countries 
①  Support for diverse career paths 
(a) Japan 10 
The Ministry of Education, Culture, Sports, Science and Technology (MEXT) selects and supports efforts 
with outstanding distinctiveness and individuality, under a competitive environment, so as to further promote 
university reform efforts at various universities. Examples include the “Global COE Program” and “Support 
Program for Improving Graduate School Education,” which aim at “creating premier education and research 
centers of the world’s highest level and radically strengthening graduate school education,” and the “Practical 
Human Resource Development by Industry-Government-University Collaboration Program” and “Advanced IT 
Specialist Program,” which aim at “developing advanced human resources through industry-university 
collaboration and improving and strengthening education programs.” Support programs which have been 
established for recipients of doctoral degrees include the “Career Path Diversification Program for Human 
Resources in Science and Technology” and “Young Human Resources Development Program for Innovation 
Creation (Special Coordination Funds for Promoting Science and Technology).” 
(b) United States 11 
In the United States, a wide range of career paths other than in academia exist for recipients of doctoral 
degrees, and university and graduate school education which enables career change and fellowships supporting 
career change exist. Although the following programs have already been completed, it is a distinctive feature of 
the United States, which is different from other countries, that efforts such as the “Preparing Future Faculty 
Program (PFF),” which was intended to develop the university faculties of the future, and “Re-Envisioning Ph.D. 
Project,” aimed at diversification of the career paths for recipients of doctoral degrees, were carried out by 
private foundations rather than being government-led. 
(c) United Kingdom 12 
In doctoral programs in the UK, the necessity of mastering skills with high transferability, and not simply 
performing research, is now recognized. The Research Council provides economic support to universities and to 
graduate students themselves through “UKGRAD” for the purpose of expanding skill training for graduate 
students in doctoral programs. As a result, various universities have developed and are operating programs for 
acquisition of transferable skills (skills with general applicability). Various types of industry-university 
collaboration, such as KTP (Knowledge Transfer Program), EngD (Engineering Doctor), and CASE 
                                               
9 Here, “postdoctoral fellow” is the total of “Fellowship” and “Research associateship” in “Definite postdoctoral study,” and does not include 
“Traineeship,” “Intern, clinical residency,” or “Other study.” 
See the MEXT website: http://www.mext.go.jp/a_menu/koutou/kaikaku/index.htm10 
11 For the “Re-Envisioning PhD Project, see http://www.grad.washington.edu/envision/; for PFF, see the Preparing Future Faculty Program 
Brochure (n.d.) (http://www.preparing-faculty.org/Brochure.pdf. 
 See http://www.grad.ac.uk/downloads/rc_expectations.pdf12  , http://www.vitae.ac.uk
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(Collaborative Awards in Engineering and Science) are also being carried out with the aim of expanding the 
career paths for recipients of doctoral degrees. 
(d) China 13 
In China, which is a socialist country, it considered natural that human resources in the natural sciences and 
engineering work in a variety of occupations, and no efforts to expand the career paths for recipients of doctoral 
degrees can be seen. As a human resources support measure for postdoctoral fellows who have complete 
doctoral programs, “Postdoctoral Fellow Stations” have been established in universities, public research 
institutes, and companies in China, and the postdoctoral fellows are paid a salary directly from the government. 
(e) Korea 14 
Korea is promoting policies which will heighten the autonomy of universities, such as removing the ban on 
M&A between universities and privatizing national universities as corporations, and enable competition between 
universities, such as allocating budgets to universities competitively based on a formula and disclosing detailed 
information on universities. With the aim of attracting top-level researchers from overseas to universities in 
Korea and encouraging joint research with Korean researchers, Korea started the “World Class University 
Project” in 2008, and has increased economic support for students in doctoral programs and others in “The Brain 
Korea 21 Project,” which was launched in 1999. 
②  Internationalization of universities (graduate schools)15 
(a) Japan 
In 2008, Japan established the “300,000 International Students Plan” with the aim of receiving 300,000 
foreign students in 2020. Concrete methods being studied include “Invitation to study abroad in Japan – 
Motivation to study abroad in Japan and implementation of one-stop service network,” “Smooth start to study 
abroad in Japan – Making changes in the current system of entrance examinations, enrollment in institutions of 
higher education, and immigration,” “Facilitating globalization in Japanese higher education – Creating 
outstanding universities,” “Creating good circumstances for students so that they can concentrate on their 
studies,” and “Post-graduation and employment – The globalization of Japanese society.” (For details, see: 
http://www.nafsa.org/_/Document/_/plan_for_exchange.pdf ; in English) 
(b) United States 
The United States views education of international students as an important industry and focuses on the 
economic effects of international students. The US has not set concrete targets for receiving foreign students. 
After 9/11, the share of the US in the international market for foreign students showed a declining tendency, but 
this has again begun to expand. Fellowship stipends under the Fulbright Program are well-known, but this is not 
related to science and engineering, and there are no particular policies for receiving foreign students. Conversely, 
as a policy for sending American students abroad, the PIRE (Partnership for International Research and 
Education) program was launched by NSF in 2006 and provides grants to support research activities in other 
countries and joint research with counterparts in other countries. 
(c) United Kingdom 
As a basic philosophy, the system was designed so that universities themselves put effort into attracting 
                                               
13 See Japan Science and Technology Agency, “Report on Trends in Science, Technology, and Innovation – China,” April 15, 
2008 (in Japanese). 
14 See Korean Ministry of Education, “Major Policies to Enhance the Competitive Strength of Korean Higher Education,” 
February 2009. 
15 See Ministry of Foreign Affairs, Public Diplomacy Department, Exchange Programs Division, “Policies for Receiving Foreign 
Students in Main Countries,” May 2008, and “Policies for Receiving Foreign Students in Main Countries and Region,” August 2004 (both in 
Japanese). 
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foreign students, based on market principles. Therefore, each university is grappling with the problem of 
attracting foreign students from a management viewpoint. In particular, master’s programs (taught courses) are 
oriented toward foreign students, and universities derive a considerable amount of income from this. In April 
2006, then-Prime Minister Blair announced a target of increasing the number of foreign students by an additional 
100,000 in 5 years. The government itself is actively publicizing higher education in the UK to the world and has 
developed strategic marketing efforts for priority countries. Scholarships have been established with the aim of 
attracting a small number of particularly outstanding students from around the world to universities in the UK, 
and a system has been constructed which enables students to stay in the UK for 2 years after completing their 
degrees. 
(d) China 
At the China-Africa Summit of 2006, China announced that it would increase the number of Chinese 
government scholarships for Africa from the current 2,000 persons to 4,000 persons (scheduled to be 
implemented by 2009). China is also cooperating with the governments of Saudi Arabia, Rwanda, and Tanzania 
to newly receive foreign students from those countries in China. Scholarships for foreign exchange students are 
not limited to the national government, but are also offered by a large number of local governments, including 
those of Beijing and Shanghai. On the other hand, as a policy for sending Chinese students to other countries, a 
project under which China will send approximately 5,000 students each year to graduate schools at foreign 
universities is being implemented under a 5 year plan which began in 2007. As a policy for repatriating foreign 
human resources to their home countries, China established the “Outstanding Foreign Exchange Human 
Resources Platform” in 2006. 
(e) Korea 
In December 2004, the Korean Department of Education and Human Resources Development announced a 
plan called the Study Korea Project which aims at receiving 50,000 foreign exchange students by 2010. The 
number of foreign students from China, Vietnam, and Japan has increased rapidly, showing that there is strong 
interest in foreign students from these countries, but on the other hand, in recent years, the Korean government 
has devoted effort to the Middle East (Saudi Arabia) and the Central Asian countries. As a policy for sending 
Korean students to other countries, the Korean government has established a scholarship system for students 
dispatched abroad. In fiscal year 2004, 40 students were selected and received support in the form of 
scholarships on the order of 1.8 million won for a 3 year period. 
③ Economic support for graduate students 
(a) Japan 16 
Many students in doctoral programs in Japan do not receive sufficient economic support and have no choice 
but to work in part-time jobs unrelated to their research. From this viewpoint, it would be difficult to say that 
conditions allow Japanese graduate students to spend their time effectively during this crucial period for the 
development of researchers. Both the percentage of students receiving some type of economic support and the 
amount of that economic support are lower than in the United States. 
(b) United States 17 
In the United States, a diverse menu of economic support is available, not limited to grants and scholarships 
provided by the Federal Government, but also including to pay-for-work type RA and TA positions, and 
extending to off-campus work study programs. Moreover, many students take advantage of multiple forms of 
support. Particularly in science and engineering, students frequently make use of Assistantships such as RA and 
TA. 
                                               
 See the materials of the 43rd16  Meeting of the Committee on Human Resources, Council for Science and Technology (in 
Japanese). 
 See NSF, “Survey of Earned Doctorates (SED).” 17
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(c) United Kingdom 18 
In the UK, economic support for doctoral students generally takes the form of grant-type scholarship 
payments, and the pay-for-work type of economic support which is the general practice in the United States is 
rare. One concrete source of funding for scholarships is the Research Council (RC), in addition to which 
individual universities provide economic support using independent sources of funding. It has been pointed out 
that there are large disparities between fields in the grant-type scholarships from the RC. 
(d) China 19 
Domestic (Chinese national) master’s students are exempted from some amount of school expenses, 
depending on the results of their entrance examinations, while students in doctoral programs are exempted from 
all school expenses. Grant-type scholarships from the Chinese government are available to domestic graduate 
students, and merit-based scholarships are also available, in which the amount of payments differs depending on 
the student’s academic results at the time of enrollment and after enrollment. Graduate students can also obtain 
support by performing work as TA, RA, or MA (Management Assistant). 
(e) Korea 
Scholarships are provided to graduate students through the “Brain Korea 21” project, which was begun in 
1999. 
 
Section 2 Universities Studied 
1． Selection of Universities for Study 
This section arranges outline data on the inputs, processes, and outcomes for the universities and their 
graduate schools in 5 countries which were selected as objects of this study in science and engineering, with the 
aim of assessing the international position of the object Japanese universities and their graduate schools in 
science and engineering. Therefore, the following large top-class research universities in each country were 
selected, as these are considered to possess international competitiveness.20。 
Table 1 - 3 Object graduate schools in study 
Country University Type 





Tokyo Institute of Technology 
Hiroshima University 
Country University Type 
NationalJapan 
University of Tsukuba 
Keio University  





                                               
18 See EUA, Doctoral Programmes in Europe’s Universities, Eurydice, Key Data on Higher Education in Europe, 2007 edition, 
Bruxelles 200. 
19 http://www.gov.cn/fwxx/wy/2007-09/10/content_743958.htm 
20 The reason for the selection of the main universities in Japan was the large size of their Grants-in-Aid for Scientific Research, 
Grants-in-Aid for JSPS Fellows, and number of research topics adopted (fiscal year 2005); 10 universities were selected from among these, 
including both national and private universities. 
University of California at Berkeley United 
States 
State 
University of Maryland, College Park
University of Cambridge  United 
Kingdom
National
University of Sheffield 
Tsinghua University National China National
Shanghai Jiao Tong University
Seoul National University NationalKorea
Korea University  Private
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2． General Information 
①  Scale of graduate schools (number of students) 
The University of Tokyo has a large graduate school, being comparable in size to China’s Tsinghua University, 
and its graduate student ratio (percentage of graduate students to entire student body) is also large. With the 
exception of the University of Tokyo, the graduate student ratio tends to be high at the larger graduate schools at 
Japan’s national universities, and low at the private universities. 
 
Scale of graduate schools
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Sources: Prepared based on the following. 
University of California at Berkeley: http://metrics.vcbf.berkeley.edu/calstats.pdf (Fall 2007) 
University of Maryland, College Park: 
http://www.gradschool.umd.edu/publications/annualreport2007.pdf  
University of Cambridge: http://www.admin.cam.ac.uk/offices/planning/data/facts/poster_2008.pdf  
University of Sheffield: 
http://www.shef.ac.uk/sheffield/custom-jsp/instprofiles/profile.jsp?fact=stupop (2007) 
Tsinghua University: http://www.tsinghua.edu.cn/qhdwzy/detail.jsp?seq=1001&boardid=1205 (2007) 
Shanghai Jiao Tong University: http://www.sjtu.edu.cn/about/stats/ (2008-2009) 
Seoul National University: http://www.snu.ac.kr/about/ab0103.jsp (as of April 1, 2008)  
Korea University: http://www.korea.edu/ (as of January 1, 2008)  
National universities in Japan: Based on the “Annual Report of Business Results for Fiscal Year 2006” of the respective universities. 
Waseda University: http://www.waseda.jp/jp/global/guide/databook/2008/number01.html (FY2008 edition) 
Keio University: http://www.keio.ac.jp/ja/about_keio/data/kr7a430000000hm3-att/2008_daigaku.pdf (as of May 1, 2008) 
 
Figure 1 - 11 Scale of graduate schools (number of graduate students and ratio of graduate students) 
 24
② Internationalization of graduate schools 
The foreign student ratio in graduate schools (percentage of foreign students to all graduate students) is 
highest in the United Kingdom, followed in order by the United States, Japan, Korea, and China. This order is 
the same as the order of foreign students received at the national level. In particular, the two universities in the 
United Kingdom have especially large numbers of foreign graduate students, and their ratios of foreign graduate 
students are also high. 
Tokyo Institute of Technology (Japan)
Hiroshima University (Japan) Nagoya University (Japan)
University of Tsukuba (Japan)
Tohoku University (Japan) Kyushu University (Japan)
Osaka University (Japan)




Seoul National University (Korea)
Shanghai Jiao Tong University (China)
Tsinghua University (China)
University of Sheffield (UK)
University of Cambridge (UK)












0 500 1,000 1,500 2,000 2,500 3,000



















(Note) Numbers of foreign students at universities in the UK are the number of students from outside the EU. 
Sources: Prepared based on the following. 
University of California at Berkeley: http://metrics.vcbf.berkeley.edu/calstats.pdf (Fall 2007) 
University of Maryland, College Park: 
http://www.gradschool.umd.edu/publications/annualreport2007.pdf  
University of Cambridge: http://www.admin.cam.ac.uk/offices/planning/data/facts/poster_2008.pdf  
University of Sheffield: 
http://www.shef.ac.uk/sheffield/custom-jsp/instprofiles/profile.jsp?fact=stupop (2007) 
Tsinghua University: http://www.tsinghua.edu.cn/qhdwzy/detail.jsp?seq=1001&boardid=1205 (2007) 
Shanghai Jiao Tong University: http://www.sjtu.edu.cn/about/stats/  (2008-2009) 
Seoul National University: http://www.snu.ac.kr/about/ab0103.jsp (as of April 1, 2008)  
Korea University: http://www.korea.edu/ (as of April 1, 2008)  
National universities in Japan: Based on the “Annual Report of Business Results for Fiscal Year 2006” of the respective universities. 
Waseda University: http://www.waseda.jp/jp/global/guide/databook/2008/number04.html (as of May 1, 2008) 
Keio University: http://www.ic.keio.ac.jp/aboutic/exch_data/html (as of May 1, 2008) 
 
Figure 1 - 12 Internationalization of graduate schools (foreign students) 
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21③ Educational systems of graduate schools (number of teachers ) 
Seen in university units, there is virtually little difference in the graduate student/teacher ratio (number of 
graduate students per teacher) at the national universities in Japan and at the universities in other countries. 
According to the results of a questionnaire survey of schools, even when seen in individual graduate school units, 
the graduate student/teacher ratio at the universities in Japan is generally low when compared with the 
University of California at Berkeley (College of Engineering) and the University of Cambridge (Department of 
Engineering).22





University of California, Berkeley 5,535 6.3 1.9
University of Maryland, College Park 3,867 9.6 2.7
University of Cambridge 2,845 6.4 2.3
University of Sheffield 1,268 18.9 4.4
Tsinghua University 5,636 5.6 3.1 0.9
Shanghai Jiao Tong University 3,135 10.5 4.3
Seoul National University 1,752 15.2 5.5 1.5
Korea University 3,570 8.0 2.6
Waseda University 2,038 27.6 4.2 1.0
Keio University 2,246 18.9 2.1 0.5
University of Tokyo 3,960 7.1 3.4 1.6
Osaka University 2,546 7.8 3.1 1.3
Kyushu University 2,338 7.9 2.8 1.0
Tohoku University 2,653 6.7 2.7 1.1
University of Tsukuba 2,191 7.3 2.7 1.0
Nagoya University 1,865 8.5 3.3 1.3
Hiroshima University 1,847 8.3 2.4 1.0





















(Note) Where data were unknown, the space was left blank. 
Teachers are defined as follows:  
University of California: Faculty and Academic Staff (Full Time Equivalent). 
University of Maryland: Only Faculty. 
University of Cambridge: Academic and Academic related (Full Time Equivalent). 
University of Sheffield: Only Academic. 
Tsinghua University: Professor, associate professor, and lecturer. 
Shanghai Jiao Tong University: Full time teachers. 
Waseda University: Only full time. 
Keio University: Full time, including those on limited-term contracts. Excludes teachers of unified schools. 
Sources: Prepared based on the following.  
University of California, Berkeley: http://metrics.vcbf.berkeley.edu/calstats.pdf (Spring 2008) 
University of Maryland, College Park; http://www.newsdesk.umd.edu/facts/quickfacts.cfm (Fall 2008 Enrollment & UM Employees) 
University of Cambridge: http://www.admin.cam.ac.uk/offices/planning/data/facts/poster_2008.pdf (Full Time Equivalent Numbers) 
University of Sheffield: http://www.shef.ac.uk/about/facts/instprofile/staff.html (as of July 2007)  
Tsinghua University: http://www.tsinghua.edu.cn/qhdwzy/detail.jsp?seq=1001&boardid=1205 (2007) 
Shanghai Jiao Tong University: http://www.sjtu.edu.cn/about/stats/  (2008-2009) 
Seoul National University: “2006-2007 White Paper on Seoul National University” 
Korea Un: http://www.korea.edu/ (as of April 1, 2008)  
National universities in Japan: Based on the “Annual Report of Business Results for Fiscal Year 2006” of the respective universities. 
Waseda University: http://www.waseda.jp/jp/global/guide/databook/index.html (fiscal year 2007)  
Keio University: http://www.keio.ac.jp/ja/about_keio/data/faculty_and_staff.html (as of March 31, 2008) 
 
                                               
21 Here, the number of teachers does not distinguish between those responsible for the undergraduate level and responsible for the graduate 
level. 
22 However, it has been pointed out that the University of Tokyo has a higher graduate student/teacher ratio than UC Berkeley at the 
discipline level (physical sciences). 
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Table 1 - 5 Number of teachers in Japanese universities (unit: graduate school) 
Full time Concurrent Total Full time
University A Science 781 270 38 308 2.9 2.5
University B Science and
engineering (1)
1,081 218 66 284 5.0 3.8
University B Science and
engineering (2)
728 218 62 280 3.3 2.6
University C Science 499 149 0 149 3.3 3.3
University C Engineering 1,541 1,110 627 1,737 1.4 0.9
University Ｄ Science 541 136 60 196 4.0 2.8
University Ｄ Engineering 1,543 365 244 609 4.2 2.5
University E Engineering　(1) 749 176 37 213 4.3 3.5
University E Engineering　(2) 2,153 467 202 669 4.6 3.2
University F Science 407 - - 0 - -
University F Engineering 852 204 0 204 4.2 4.2
University Ｇ Science 463 165 0 165 2.8 2.8
University Ｇ Engineering 1,228 312 33 345 3.9 3.6
University Ｈ Engineering 2,984 473 68 541 6.3 5.5
University Ｉ Science and
engineering
2,460 246 583 829 10.0 3.0
University J Science and
engineering
1,786 292 292 6.1 6.1
FieldUniversity Graduate
student/teacher ratio




Source: Prepared based on questionnaire survey of the respective schools. Universities A-J are the 10 Japanese universities which were the 
objects of this study. 
 27
④  Educational system of graduate schools (number of staff) 
A direct comparison is difficult because the definition of staff differs at each university. However, the number 
of staff at the universities in Japan is less than half the number of teachers. On the other hand, at the universities 
in the United States, the number of staff exceeds the number of teachers. 









University of California, Berkeley 5,535 8,960 1.62
Teacher: Academic staff including Faculty.
Staff: Management staff, non-academic staff.
*FTE conversion.
Academic:  academic administrators, regular teaching faculty, lecturers and other teaching faculty,
student assistants, researchers, librarians, cooperative extension researchers, university extension
faculty, and other academic personnel;
Non-Academic:   senior management (SMG), management and senior professionals (MSP), and
professional and support staff (PSS).
University of Maryland, College Park 3,867 5,717 1.48 Teacher: FacultyStaff: Staff (includes executive, administrative, managerial, exempt, and non-exempt staff).
University of Cambridge 2,845 3,078 1.08 Teacher: Academic, academic related.Staff: Technical, clerical and secretarial, manual and domestic.
University of Sheffield 1,268 3,460 2.73 Teacher: Academic.Staff: Technical, support staff.
Tsinghua University 5,636 1,309 0.23 Teacher: Professor, associate professor, lecturer.
Staff: Number obtained by subtracting professors, associate professors, and lecturers from educational
Shanghai Jiao Tong University 3,135 2,103 0.67
Teacher: Full-time teacher
Staff: Educational staff of department excluding full-time teachers. *Administrative personnel, auxiliary
teacher’s staff, other full time personnel.
Seoul National University 1,752
Korea University 3,570
University of Tsukuba 1,721 964 0.56
As of May 1, 2008. In addition to regular staff, includes full-time teachers regarded as business persons.
Excludes teachers of attached schools, staff of hospital and attached school education bureaus, and
persons on leave of absence.
University of Tokyo 3,916 2,161 0.55 As of May 1, 2007. Excludes teachers of unified schools, school nurse teachers, and medical relatedstaff.
Tokyo Institute of Technology 1,117 543 0.49 As of May 1, 2008. Excludes teachers of unified schools.
Nagoya University 1,754 846 0.48
As of May 1, 2008. Excludes teachers of attached schools, staff of hospital attached to medical school,
and regular staff with fixed term contracts.
Tohoku University 2,743 1,314 0.48 As of May 1, 2008. Includes persons on leave of absence. Excludes hospital staff.
Kyushu University 2,224 1,021 0.46 As of May 1, 2008. Excludes staff of hospital and Kyushu University Hospital at Beppu. Includes
deemed teachers.
Hiroshima University 1,594 687 0.43 As of May 1, 2008. Does not include teachers of attached schools, medical and nursing staff, andpersons on leave of absence, or on other leave.
Osaka University 2,877 1,222 0.42
As of May 1, 2008. Does not include medical staff, persons on dispatch, on leave of absence, or on
childcare leave.
Waseda University 2,038 782 0.38 Teachers, fiscal year 2007. Staff, as of April 1, 2007. Includes only full-time educational staff.
Keio University 2,246 845 0.38 As of March 31, 2008. Full-time employees. Includes persons with limited term contracts. Excludes







Sources: Prepared based on the following. 
University of California, Berkeley: http://metrics.vcbf.berkeley.edu/calstats.pdf (2008 Spring) 
University of Maryland, College Park: http://www.newsdesk.umd.edu/facts/quickfacts.cfm (Fall 2008 Enrollment & UM Employees) 
University of Cambridge: http://www.admin.cam.ac.uk/offices/planning/data/facts/poster_2008.pdf (Full Time Equivalent Numbers) 
University of Sheffield: http://www.shef.ac.uk/about/facts/instprofile/staff.html (as of July 2007) 
Tsinghua University: http://www.tsinghua.edu.cn/qhdwzy/detail.jsp?seq=1001&boardid=1205 (2007) 
Shanghai Jiao Tong University: http://www.sjtu.edu.cn/about/stats/ (2008-2009) 
Seoul National University: “White Paper on Seoul University 2006-2007” 
Korea University: http://www.korea.edu/ (as of April 1, 2008)  
Tohoku University: http://www.tohoku.ac.jp/japanese/profile/about/05/about0504/ (as of May 1, 2008) 
University of Tsukuba: http://www.tsukuba.ac.jp/public/booklets/pdf-details2008/p24.pdf (as of May 1, 2008) 
University of Tokyo: http://www.u-tokyo.ac.jp/index/b02_03_j.html (as of May 1, 2007)  
Tokyo Institute of Technology: http://vote.soc.titech.ac.jp/about-titech/j/1.pdf (as of May 1, 2008)  
Nagoya University: http://www.nagoya-u.ac.jp/about-nu/history-data/figure/ (as of May 1, 2008) 
Osaka University: http://www.osaka-u.ac.jp/jp/annai/about/profile2008.pdf (as of May 1, 2008) 
Hiroshima University: http://www.hiroshima-u.ac.jp/top/intro/gaiyou/syokuin/p_bc17f9.html (as of May 1, 2008)  
Kyushu University: http://www.kyushu-u.ac.jp/university/data/gaiyou20.10.1jpn/H20gaiyo_P29-31.pdf (as of May 1, 2008) 
Keio University: http://www.keio.ac.jp/ja/about_keio/data/faculty_and_staff.html (as of March 31, 2008)  
Waseda Uni: http://www.waseda.jp/jp/global/guide/databook/index.html (teachers: fiscal year 2007) 
http://www.waseda.jp/sankaku/figure/pdf/2_staffs.pdf (staff: as of April 1, 2007) 
(Note that the numbers of teachers at Japanese universities differ from those in Figure 1-17 because different sources were used.) 
Note) For example, at the University of California Berkeley, a wider organization is included in “Academics” (teachers) than in the 
definition of teachers used in Japan; however, the staff/teacher ratio (number of staff per teacher) is larger than at the Japanese universities 
considered in this study. 
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3． Condition of Admissions 
① Competition ratio at time of admission 
This section will compare the competition ratio at the time of admission (number of applicants / number 
admitted) in Japan, the United States, and the United Kingdom. The average competition ratio of the Japanese 
universities included in this study was 1.7 at the master’s level and 1.3 at the doctoral level. (At the universities 
studied here, the competition ratio in science and engineering programs was 1.2-1.7 at the master’s level and 
approximately 1.1 at the doctoral level). In contrast to this, at the University of California, Berkeley, the 
competition ratio was 9.4 at the master’s level and 13.0 at the doctoral level, and was also high in the graduate 
school program at the University of Cambridge in the United Kingdom, being 4.2. Although the number of 
persons accepted by graduate schools (passing entrance exams) in the US, UK, and Korea is shown, it can be 
understood that the percentages of persons entering schools relative to the number accepted is small, at 
approximately half. 
Table 1 - 7 Competition ratios of object universities in Japan 
Course
School Data Master Professional Doctor Total
Number of applicants 121,616 50,613 20,773 193,002
Number admitted 77,451 9,059 16,926 103,436
Substantial competition 1.6 5.6 1.2 1.9
Number of applicants 30,912 11,469 7,131 49,512
Number admitted 18,225 2,154 5,618 25,997
Substantial competition 1.7 5.3 1.3 1.9
All schools
Object universities in this study
 
Source: Prepared based on MEXT, “School Basic Study, 2007 (in Japanese). 
Table 1 - 8 Competition ratio/acceptance ratio of object universities (non-Japanese) 
Graduate school







University of California, Berkeley 32,592 5,919 3,042 5.5 10.7
Master 18,231 3,637 1,941 5.0 9.4
Doctor 14,361 2,282 1,101 6.3 13.0
University of Maryland, College Park 18,300 5,399 2,969 3.4 6.2




Seoul National University 8,494 4,186 2.0
Master 6,603 3,211 2.1




University of Cambridge 
University of Sheffield
 
(Note) Where data were unknown, the space was left blank. 
Sources: Prepared based on the following. 
University of California, Berkeley: http://metrics.vcbf.berkeley.edu/calstats.pdf (Fall 2007) 
University of Maryland, College Park: “Annual Report 2006-2007, The Graduate School, University of Maryland” (excerpts from fiscal year 
2007) 
University of Cambridge: http://www.admin.cam.ac.uk/reporter/2007-08/special/10/statistical.pdf (2005) 
University of Sheffield: “Our Annual Report 2006-2007” 
Seoul National University: “White Paper on Seoul University 2006-2007” (fiscal year 2007). 
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② Ratio of graduates of same university 
The ratio of graduates of the same university among students in the Japanese graduate schools considered in 
this study ranged from 38 to 96% at the master’s level and from 28% to 96% at the doctoral level. However, with 
the exception of some universities, graduates of the same university accounted for approximately 50% or more 
of students in both the master’s and doctoral programs. In many graduate departments, the ratio of graduates of 
the same university is lower in the doctoral programs than in the master’s programs. In the graduate engineering 
program at the University of Cambridge, the ratio of graduates of the same university is approximately 20%. At 
Seoul National University, the ratios of graduates of the same university are 48% in the master’s programs and 
73% in the doctoral programs. Although no data have been published on the ratios of graduates of the same 
universities for the two US universities considered here, the replies to the interviews discussed in Chapter 3 
indicated that the ratio is quite low. 
 
Table 1 - 9 Ratio of graduates of same university in Japanese graduate schools 
Ratio of graduates of
same university
Ratio of graduates of
same university
University Ａ Science 76% 96%
University B Science and
engineering (1)
59% 51%
University B Science and
engineering (2)
72% 55%
University C Science and
engineering
78% 66%
University C Science 66% 85%
University C Engineering 81% 56%
University Ｄ Science 65% 89%
University Ｄ Engineering 83% 46%
University E Engineering (1) 92% 76%
University E Engineering (2) 78% 55%
University F Science 86% 78%
University F Engineering 93% 56%
University Ｇ Science 80% 79%
University Ｇ Engineering 38% 28%
University Ｈ Engineering 64% 71%
University Ｉ Science and
engineering
96% 85%
University J Science and
engineering
94% 68%
University Doctoral programsMaster's programsField
 
(Note) The “ratio of graduates of same university” is the percentage of graduates of the same university among all students. Regarding the 
definition of “graduate of same university,” as in the “School Basic Study,” persons in master’s programs who graduated from the bachelor’s 
program at the same university and persons in doctoral programs who completed the master’s program at the same university are regarded as 
“graduate of same university.” 
Source: Prepared based on questionnaire survey of the respective schools. 
③ Student selection process 
The graduate schools of the Japanese universities studied here conduct their student selection processes 
independently, and in many cases, require written examinations and interviews (oral examinations) in addition to 
examination of the applicant’s documents. Similarly, the object universities in China and Korea require written 
and oral examinations, and unified nationwide tests are conducted for master’s programs in China. 
On the other hand, in the United States and United Kingdom, the basis of the selection process is examination 
of documents (academic record prior to admission, recommendation letters, test scores from external testing 
organizations such as the GRE, TOEFL, and others), and written and oral examinations are generally not 
conducted. As distinctive features of the four universities in the US and UK, the secretariats of the universities 
receive all applications collectively, and systems which enable applicants to submit applications online have 
been constructed. At the same time, there are also universities which have created tracking systems which allow 
applicants to check the status of processing of their applications. 
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④ Tuition 
In Japan, there are many cases in which tuition fees are set uniformly for the master’s and doctoral programs. 
However, in foreign countries such as the United States and United Kingdom, tuition differs depending on 
residency (state resident or non-resident, resident of the EU or not) and by field, and is also set in a detailed 
manner, for example, considering whether the student is before or after becoming a candidate for the Ph.D, 
program unit fees, and the like. Because the US universities in this study are state universities, tuition is higher 
for non-residents (persons from other states or other countries) than for state residents. Tuition is also lower after 
a student becomes a candidate for the Ph.D. The University of Maryland, College Park also levies fees 
corresponding to course units. In the United Kingdom, tuition differs depending on whether the student is a 
resident of the UK or not (or resident of the EU or not), being higher for non-UK and non-EU residents. Tuition 
also differs by field, and further, but discipline, with a difference of more than 3 times between the highest and 
lowest tuitions. In China, virtually all students are Chinese nationals and are exempt from tuition payments. In 
Korea (Korea University), tuition levels differ by field. 












Resident (resident of State of Maryland) USD 9,129 ¥888,020
Non-resident (out-of-state, foreign national) USD 18,381 ¥1,788,055
Resident (resident of State of Maryland) USD 2,123 ¥206,477
Non-resident (out-of-state, foreign national) USD 3,457 ¥336,248
GBP 3,390 ¥468,484 Common irrespective of field (home residents)
GBP 12,768 ¥1,764,486 For foreign students, by humanities or sciences, by profession
Science and engineering (minimum) GBP 3,390 ¥468,484
Science and engineering (maximum) GBP 11,390 ¥1,574,052
Science and engineering (minimum) GBP 12,100 ¥1,672,171
Science and engineering (maximum) GBP 21,700 ¥2,998,853
RMB 0 ¥0
Master RMB 33,000 ¥469,103
Doctor RMB 40,000 ¥568,610
Master RMB 0 ¥0
Doctor RMB 0 ¥0
Master RMB 28,900 ¥410,821
Doctor RMB 45,500 ¥646,794
Science KRW 5,536,000 ¥390,644
Engineering KRW 6,446,000 ¥454,858
Science KRW 5,556,000 ¥392,056






















Home and EU residents










Resident (resident of State of California)
Tuition differs by field and course.
Shanghai Jiao Tong
University
Common, irrespective of field.
Common, irrespective of field.
90% of domestic (Chinese) students are exempt from tuition.
(Graduate students selected in ordinary entrance examinations
are exempt from school fees. Students in designated fields and
adult students pay school fees.)
Graduate students selected in ordinary entrance examinations
are exempt from school fees, depending on their academic
records (excluding students in designated fields and adult
students).
Non-resident (out-of-state, foreign national)
Common, with exception of some fields.
Pre-candidate: Usage-based charges corresponding to number
of course unit hours.
*As an example, the figure shown here is for 9 units/semester
(minimum hours in rate table).
Candidate: Fixed amount system.
Chinese student
*Filing fee (candidate) discount
 
(Note) The following exchange rates were used here (rates as of 13:30, March 30, 2009): 
1USD= 97.280JPY、1GBP= 138.195968JPY、1RMB=14.215256JPY、1KRW=0.070564394JPY 
(Note) For Japan, tuition at the University of Tokyo was used as representative values. Information on tuition at Korea’s Seoul National 
University was not available. 
Sources: 
University of Tokyo: http://www.u-tokyo.ac.jp/stu01/e03_j.html    
University of California, Berkeley: http://registrar.berkeley.edu/Default.aspx?PageID=feesched.html (2008-2009) 
University of Maryland, College Park (Fall 2008 - Spring 2009) 
  Pre-Candidate: http://www.umd.edu/bursar/t_ftgrd0809.html 
  Candidate: http://www.umd.edu/bursar/PHD%20Candidacy%202008-2009.html
University of Cambridge: http://www.admin.cam.ac.uk/offices/gradstud/funding/costs/courses/graduate.html
University of Sheffield: http://www.shef.ac.uk/ssid/fees/pgr 
Tsinghua University: http://intlstudent.cic.tsinghua.edu.cn/EN/ 
Shanghai Jiao Tong University 
  Foreign students (master): http://www.sie.sjtu.edu.cn/page/cnpage/zsjiaodashuoshi.asp 
  Foreign students (doctor): http://www.sie.sjtu.edu.cn/page/cnpage/zsjiaodaboshi.asp 
Korea University: http://graduate.korea.ac.kr/entrance_1_01.htm
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⑤ Economic support 
At the US universities in this study, a diverse menu of economic support is available, including not only 
scholarships and loans from the Federal Government, remission of tuition, and tax deductions, but also 
pay-for-work type RA and TA positions and off-campus work study. As the background for this, there is an 
consciousness that graduate students are simultaneously “students” and “workers.” For example, at the 
University of California, Berkeley, graduate students are members of a labor union (UAW), and their 
employment environment is assured by an agreement between the university and the union. 
In the United Kingdom, there has been a progressive tendency toward higher school expenses and higher 
scholarships since universities began charging tuition, and both the University of Cambridge and the University 
of Sheffield provide a variety of scholarships. However, the adequacy of scholarships differs, depending on the 
university. For example, the number of scholarships which cover full costs (tuition and living expenses) is small 
at the University of Sheffield in comparison with the University of Cambridge. Moreover, in spite of the 
existence of employment-type support like the RA and TA systems in the United States, strict upper limits are 
applied to the annual working time. 
In China, grant-type scholarships equivalent to or larger than the amount of tuition are available, and 
employment-type support is also provided in the form of TA, RA, and MA positions. 
In Korea, grant-type scholarships and also student loans are available. 
 
4． Status of Process 
This section presents examples of efforts to improve graduate school education in Japan. 
 
23 z Waseda University: “Training Program for Practical Doctoral Research Fellows”
Waseda University launched the “Training Program for Practical Doctoral Research Fellows” in 2008 to 
support innovation in industrial fields based on adoption under the “Innovation Training Program for Young 
Researchers” (Special Coordination Funds for Promoting Science and Technology). In this program, Waseda 
recruits approximately 100 young researchers (graduate students in doctoral programs and young human 
resources who received a doctoral degree within 5 years previously) within the university and outside each fiscal 
year, and develops the capabilities necessary for successful work in real society, including communications skills, 
MOR (Management of Research), MOT (Management of Technology), industrial innovation, and practical 
English. 
 
24 z University of Tsukuba: “Achievement Evaluation System for Early Completion of Doctor’s Program”
For adult students with certain records of research and capabilities, the University of Tsukuba provides a 
program that makes it possible to complete the doctoral program, which has a standard period of 3 years, in as 
little as 1 year, and obtain a doctoral degree. 
 
z University of Tokyo, School of Engineering: “Mechanical System Innovation” 
Based on the adoption of the Global COE Program, the University of Tokyo, Department of Mechanical 
Engineering provides students with opportunities to broaden their own perspectives and acquire knowledge and 
experience outside their specializations by participating in research projects that extend beyond fields of 
specialization (laboratories). 
 
z Keio University: “Keio ‘Design the Future’ Award for International Students” 
Keio University has established a new scholarship system which, unlike conventional scholarships for which 
students apply after admission, informs students of the award of scholarships virtually simultaneously (before 
admission) with notification that they have passed the graduate school’s entrance examination. The number of 
recipients is approximately 5 per year. Recipients are exempt from all school expenses and receive a one-time 
                                               
23 Source: http://www.waseda-pracdoc.jp/outline.php 
24 Source: http://www.souki.tsukuba.ac.jp/program.html#tassei 
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allowance (¥150,000) for preparation for study in Japan, including air fare, as well as living expenses 
(¥200,000/month) for 2 years (maximum of ¥9 million). 
 
z Waseda University, Keio University, University of Tokyo, Kyoto University: “Inter-School Student 
Exchange in Graduate School Education” 
These universities concluded an agreement on Inter-School Exchanges in Graduate School Education to 
provide graduate students with opportunities to receive more diverse education and research guidance and 
thereby contribute to the development of learning and training of promising human resources. 
 
z Tohoku University: Support of Career Development 
Tohoku University has launched an “Advanced Technology Management School” to enable recipients of 
doctoral degrees to acquire management skills and other practical abilities by adoption of “Science Career Path 
Seminars” which inform students of diverse career paths and a “Career Path Diversification Project for Human 
Resources in Science and Technology.” 
 
5． Status of Outcomes 
① Career paths of degree recipients 
At universities in Japan, the questionnaire survey of graduate schools found that fewer than 10% of persons 
completing master’s degree became researchers at universities, and with the exception of two departments, the 
percentage who became researchers in the private sector was also limited to approximately 10%. For persons 
completing doctoral degrees, although differing depending on the university, there were scattered examples of 
departments where the rate of employment as researchers exceeded half of total employment. 
 













































































































University Ａ Science 33% 5% 4% 53% 5% 0% 46% 14% 10% 29%
University B Science and
engineering (1) 9% 0% 0% 84% 6% 0% 23% 26% 0% 51%
University B Science and
engineering (2) 16% 0% 3% 78% 4% 0% 0% 0% 38% 62%
University C Science and
engineering 15% 0% 0% 83% 2% 0% 0% 0% 66% 34%
University Ｄ Science 29% 1% 14% 50% 7% 0% 4% 7% 27% 63%
University Ｄ Engineering 7% 1% 12% 79% 1% 0% 44% 24% 23% 9%
University E Engineering (1) 9% 2% 0% 88% 2% 0% 16% 0% 71% 14%
University E Engineering (2) 8% 2% 87% 0% 3% 0% 28% 56% 0% 16%
University F Science 5% 0% 3% 92% 0% 0% 46% 51% 0% 3%
University F Engineering 21% 9% 64% 0% 6% 0% 45% 10% 17% 28%
University Ｇ Science 20% 1% 17% 58% 4% 0% 26% 11% 11% 51%
University Ｇ Engineering 14% 0% 1% 85% 0% 0% 14% 11% 51% 24%
University Ｈ Engineering 14% 0% 13% 62% 10% 0% 32% 8% 17% 44%
University Ｉ Science and
engineering 6% 0% 10% 83% 2% 6% 57% 29% 9% 0%
University J Science and
engineering 9% 0% 0% 88% 3% 3% 29% 2% 46% 20%


















































(Note) All employed persons whose type of employment was unknown are listed as “Employment (Other than at left).” 
Source: Prepared based on the results of questionnaire survey of graduate schools. 
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At universities in the United States, according to data obtained in individual interviews (see Chapter 3), 
among persons receiving doctoral degrees at the College of Computer, Mathematical and Physical Sciences at 
the University of Maryland, College Park (UMCP), it was found that more than half were employed in academic 
positions, including postdoctoral fellows, and about 1 in 4 were employed in industry. 
 
Table 1 - 12 Career paths of Ph.D. recipients at UMCP (College of Computer, Mathematical, and Physical 
Sciences) in last 5 years 
Academic position 163 
Industry 82 




(Note) “Academic position” also includes postdoctoral fellows. 
Source: Prepared based on materials provided by UMCP. 
 
② Support for career development 
In the United Kingdom, doctoral students are expected to obtain skills with high transferability, and especially 
skills which are useful in selecting either an academic or a non-academic career. In particular, the University of 
Sheffield is a driving force in this trend and provides a variety of skill training programs through its Research 
Training Program (RTP). This trend was not seen at the US graduate schools which were studied here. It was not 
possible to reach any clear conclusions regarding the situation in China and Korea, as little information has been 
made public. The United States and Korea have established programs which support students who wish to go 
overseas. 
 
Section 3 Summary of Graduate Schools in Countries Studied 
The following is a summary of the above sections 1 and 2. 
(1) Differences in graduate school programs in respective countries 
As in Japan, the graduate schools in the United States, the United Kingdom, China, and Korea consist of 
master’s programs and doctoral programs. However, it is necessary to note that there are differences in the 
positioning of graduate school programs in each country. For example, in other countries, graduate programs are 
not limited to the model used in Japan, in which students progress to the doctoral program by way of a master’s 
program, but also include master’s programs which are established in parallel with doctoral programs (meaning 
students can advance directly to the doctoral program upon completion of a bachelor’s program) and are divided 
into research-centered or education-centered; in such programs, the master’s program is a terminal program 
independent from the doctoral program. 
(2) Changes in the scale of graduate schools in Japan, centering on science and engineering 
Looking at the changes in graduate schools in the past 10 years, there are differences in the circumstances of 
graduate schools of science and engineering. In particular, although engineering programs have increased greatly 
in both scale (number of students) and internationalization (number of foreign students), in science, the number 
of doctoral students and foreign students has declined. In recent years, there has been a decreasing tendency in 
the number of students entering doctoral programs in both science and engineering. At present, Japan produces 
roughly the same number of doctorates in the natural sciences and engineering as the United Kingdom and 
approximately twice that in Korea. On the other hand, the United States produces more than twice as many 
doctorates in these fields as Japan. China overtook Japan in 2000, and the difference between the two countries 
is tending to expand. 
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(3) Points to note regarding the number, ratio, and composition of students, teachers, and staff 
The number of teachers (full-time) at universities in Japan is tending to increase. However, the percentage of 
young teachers is decreasing. Because the number of persons completing doctoral degrees is increasing, it can be 
imagined that new doctors will have difficulty in obtaining academic posts. Growth in the number of staff 
(full-time) is less that the growth in the number of graduate students and teachers, and in particular, the absolute 
number of technical staff persons is decreasing. 
Looking at individual universities, at the national universities in Japan, the graduate student/teacher ratio 
(number of graduate students per teacher) does not differ greatly from that at the object universities in the US 
and UK, either at the university level or in the individual graduate schools. The number of staff at Japanese 
universities is approximately half the number of teachers. Comparing this situation with the fact that the number 
of non-academic staff exceeds that of the academic staff at universities in the United States, even though the 
definition of staff differs depending on the university, there is a possibility that the number of staff relative to the 
number of teachers is inadequate in Japan. 
(4) International differences in incentives to attract foreign students 
The number of foreign students received in Japan is smaller than those in the United States and United 
Kingdom, and this difference is larger at the graduate school level than at the undergraduate level. In the US and 
UK, the tuition for foreign students (non-residents of the state) is set higher than that for domestic (resident) 
students. Furthermore, looking at the number of domestic students sent abroad (however, including 
undergraduates), the number from Japan is smaller than those from the United States, Korea, and China. 
Regarding policies for the internationalization of graduate schools, respective national target have been set in 
the United Kingdom, China, Korea, as well as in Japan, as exemplified by this country’s “300,000 International 
Students Plan,” and policies aimed at increasing the number of foreign students are being implemented. In 
particular, the United States and United Kingdom are conscious of the economic effects of foreign students, and 
therefore support foreign student education as an “industry.” In particular, in the UK, the government itself has 
developed a strategic marketing effort aimed at certain priority countries, and has created a system which enables 
foreign students to remain in the UK after receiving their degrees. The United States, Korea, and China have also 
established programs which support graduate students going abroad. 
(5) Diversification of career paths for recipients of doctoral degrees and education to enable 
diversification 
Diverse career paths exist for recipients of doctoral degrees in Japan, the United States, and the United 
Kingdom. In particular, in comparison with other fields, it has been pointed out that many recipients of doctoral 
degrees in engineering find employment in industry. In order to further promote this kind of diversification of 
career paths, Japan is supporting efforts to improve skill training for doctoral students and diversification of 
career paths using a variety of competitive funds. Similarly, the United Kingdom provides government support 
for the development and operation of doctoral programs for acquisition of transferable skills, and is promoting 
industry-academic collaboration such as KTP and CASE in order to expand the careers available to recipients of 
doctoral degrees. 
On the other hand, the United States and China have created environments in which recipients of doctoral 
degrees can find career paths other than in academic posts, and no government-led efforts were noted. 
(6) Differences in admission competition ratios and differences in student selection processes 
Large differences can be seen in the competition ratio for admission to graduate schools in Japan, the United 
States, and the United Kingdom. In comparison with the US and UK, the distinctive features of graduate schools 
in Japan include low competition ratios for admission and high ratios of internal advancement (i.e., graduates 
advancing to higher educational levels within the same university). This difference affects the student selection 
process and the necessity of education responding to the diversity of the students. For example, the Japanese 
universities included in this study conduct independent screening of students, and in many cases, require written 
and oral examinations in addition to examination of documents. Similarly, the object universities in China and 
Korea also require written and oral examinations. In particular, China uses a nationwide unified test at the 
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master’s level. On the other hand, the basis of the selection processes in the United States and United Kingdom 
is examination of documents (undergraduate academic records, letters of recommendation, and scores of tests 
conducted by private sector testing organizations), and written/oral examinations are not generally conducted. In 
addition to online application systems for processing large numbers of applicants, there are also cases in which 
the schools in these countries have created tracking systems that enable applicants to check the status of 
processing their applications. 
(7) Economic support and positioning of graduate students as staff 
It has been pointed out that many doctoral students in Japan are in situations in which they cannot spend this 
critical period for the development of researchers effectively because they are obliged to work in part-time jobs 
unrelated to their research due to inadequate economic support. For example, among students in doctoral 
programs, a total of 48.3% receive some type of support, but this falls well below the amount necessary for 
living expenses. In the United States, a diverse menu of economic support is available. Particularly in science 
and engineering, this centers on pay-for-work type assistantships such as RA and TA positions. As the 
background to this, there is a consciousness that graduate students are simultaneously “students” and “staff 
(workers).”  On the other hand, in the United Kingdom, pay-for-work support like that in the United States is 
limited, and the main type of support is grant-type scholarships. However, the adequacy of scholarships differs 
depending on the university and field (or as mentioned in Chapter 3, depending on one’s academic adviser). In 
China, grant-type scholarships equal or greater than the amount of tuition are available to domestic students, and 
employment-type economic support (TA/RA/MA) is also provided. Foreign students receive scholarships not 
only from the Chinese government, but also from the local governments in Beijing and Shanghai. In Korea, in 
addition to grant-type scholarships, student loans are also available. The forms of economic support have a 
variety of distinctive features, depending on the country, and it is necessary to focus on how these function in 
encouraging advancement to doctoral programs and work by graduate students in research activities. 
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Chapter 3 Chapter 3 International Comparison of Graduate Student and Educational 
Quality 
Section 1 Outline of Field Survey 
1． Purpose 
The purpose of this survey is to collect examples of the current consciousness of problems and efforts in 
connection with the quality of education and students, and the recruiting of outstanding graduate students at 
Japanese graduate schools, and to consider improvements in graduate education in science and engineering by 
conducting similar surveys in the United States and United Kingdom.  
2． Objects of Survey 
The authors visited graduate schools of science and engineering at 10 universities in Japan, 2 universities in 
the United States, and 2 universities in the United Kingdom, and conducted interviews with university 
vice-presidents, heads of graduate departments, and teachers in graduate schools (Japan: 56 persons, US: 14 
persons, UK: 14 persons). In particular, in Japan, teachers in graduate schools with experience of working at 
universities overseas were selected based on the recommendations of the heads of the graduate department 
concerned. Basically, the interviews were conducted individually, but depending on the circumstances, in some 
cases simultaneous interviews were conducted with multiple persons present, for example, the head of 
department and teacher in graduate education. In the domestic survey, efforts were made to collect frank 
opinions by guaranteeing the anonymity of the interview subjects. In addition, the heads of graduate departments 
were asked to complete a questionnaire regarding quantitative data such as the number of teachers, number of 
students, and career paths in their graduate departments. 
3． Survey Period 
The survey was conducted from October 2008 through February 2009. 
4． Collection of Opinions by Email 
To complement the field survey in the United States, opinions were also collected from teachers of Japanese 
nationality who are affiliated with American universities other than those visited in the field survey. Information 
on teachers was collected from the websites of 29 universities which received top rankings in science and 
engineering from U.S. News and World Report, and 30 persons who appeared to be capable of comparing 
education in the Japan and the United States were selected, for example, persons who had been educated at 
universities or graduate schools in Japan. A number of questions were sent to these subjects by email, and replies 
were received from a total of 12. 
 
Section 2 Results of Survey 
First, information on securing high quality graduate students is arranged from the viewpoint of international 
recruitment. Next, as factors affecting recruitment, career paths after receiving a doctoral degree and conditions 
such as economic support are compared. Finally, changes in the quality of students, which is considered to be an 
issue peculiar to Japan, are analyzed. In considering improvement of graduate school education, educational 
issues for training human resources who are capable of working actively internationally and increasing the 
number of students in graduate schools are summarized, and examples of pioneering efforts are arranged. 
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1． Securing High Quality Graduate Students 
(1) International recruitment of outstanding students 
① Japan 
In recruiting students, whether students advancing in the same university, students advancing from other 
universities, or foreign students are given priority differs, depending on the university and graduate department. 
In securing outstanding students, one view holds that importance should be attached to the advancement of 
students in the same university, but on the other hand, there is also a view that importance should be attached to 
recruiting students from other universities and foreign students. Regarding the mobility of students, the tendency 
of students to gravitate toward some leading national universities since the university reforms of the 1990s, 
which prioritized graduate school education, has been pointed out as a problem. 
Securing foreign students is considered important both for filling the capacity of the school and for stimulating 
domestic students. In the category of foreign students, some universities are attempting to recruit outstanding 
students from China, Korea, and other Asian countries, and there are multiple examples of public relations 
activities and student recruiting activities with China as a base. On the other hand, it has also been pointed out 
that the purpose of recruiting foreign students is unclear. 
However, various problems in the recruitment of foreign students have been noted, such as the fact that, in 
general, students must take entrance examinations (interviews) in Japan and economic support is inadequate. On 
the university side, although the quality of foreign students is generally good, deviations are large and how 
quality should be evaluated when receiving foreign students is a problem. As bottlenecks to full-scale receiving 
of foreign students on the university side, the need for improvements in the educational system 
(English-language education and so on) and the establishment of systems in the administrative division were 
noted. 
Regarding interviewing of foreign students and related problems, attempts to reduce the burden on candidates 
from overseas can be seen. For example, university teachers have been dispatched to other countries to conduct 
examinations, and communications by video telephone and email have been used as trials. Regarding use of 
English, active efforts have been made in some university programs to conduct classes in the English language in 
principle. However, there is also an opposing view that the study efficiency of Japanese students will be 
adversely affected, and foreign students wish to use the fact that they have acquired Japanese language 
proficiency as a “selling point” after completing their degrees. There are also examples in which special courses 
are provided for foreign students, students can take examinations during the selection process without coming to 
Japan, and it is possible to complete a degree using only English after entering a graduate school, as well as 
moves to provide scholarships in awareness of recruiting of outstanding students by the top schools in the United 
States. 
 
② United States 
According to the opinions collected by email, teachers in the United States consider it natural for students who 
have studied at their universities to advance to other universities, and attempts to recruit outstanding students by 
visiting mainly top universities outside the United States were also mentioned.  
 
③ United Kingdom 
The University of Cambridge conducts publicity activities in order to recruit students, and mentioned the 
importance of displaying the university’s presence. Regarding the selection process, the general practice is 
basically to conduct interviews in entrance examinations by email or telephone. However, some teachers from 
the university are dispatched to foreign countries to conduct interviews with applicants in Singapore and China. 
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(2) Anxiety and dissatisfaction with careers after completion of doctoral programs 
① Japan 
Regarding the current condition of employment, in sciences, persons completing master’s programs have no 
problems in employment, but in some cases, it is difficult for persons who have completed doctoral programs to 
find employment. On the other hand, in engineering, many respondents expressed the opinion that there is no 
problem with employment itself, even for persons with doctoral degrees. However, the value of doctoral degrees 
is not evaluated adequately in general, including compensation in companies. There was also a view that 
students may doubt that the rewards of a doctoral degree are equal to the cost of obtaining the degree. 
Anxiety regarding career prospects after completing a doctoral program may be mentioned as one large reason 
why students hesitate to advance to the doctoral program. Where this is concerned, it has been pointed out that 
inadequate information on career paths is a factor which causes hesitation in continuing education. 
There are considered to be differences in the ease of employment in industry and the orientation of students 
toward career paths in science and engineering. However, because the number of posts for young persons in 
universities is small, there is a common recognition that employment in academic posts is not easy. Therefore, 
respondents expressed the opinion that the number of posts for young persons must be increased, and the 
composition of teachers in universities as a whole should be studied. Furthermore, some expressed concern that 
outstanding students are not advancing to doctoral programs due to the heavy administrative load in current 
educational positions, and the low attractiveness of university teaching positions. 
 
② United States 
Although the ease of finding employment with a doctoral degree differed depending on the field, the results of 
this survey showed recognition that acquisition of a doctoral degree is advantageous for finding employment in 
better jobs and, in some companies, for external publication.  
 
③ United Kingdom 
For employment in an academic post, doctoral degree holders find posts by repeatedly working as 
postdoctoral fellows after completing their degrees. In engineering-related fields, although importance is 
attached to career paths in academia, an increase in employment in industry has also been mentioned. 
 
(3) Condition of economic support 
① Japan 
There are examples of graduate departments which provide support equivalent to the tuition fee or half of the 
tuition fee to all students in doctoral programs, and departments which provide higher levels of support to some 
students using external funds. On the other hand, graduate departments which provide support limited to 
approximately half of tuition to only some students were also reported.  
Although economic support is perceived as having some effect, on the other hand, there is also a view that 
support amounting to tuition fees has little effect in stopping the decline in students advancing to doctoral 
program, especially in fields where it is easy to find employment. There is also an opinion that economic support 
should be competitive. 
TA positions, which are part of employment-type economic support, are also spreading. However, at present, 
the educational significance of TA experience in contributing to the career improvement of students is 
inadequate. There was also an opinion that, in actuality, TA positions are simply a form of menial work in odd 
jobs. 
In addition, there was an opinion that a study of the proper form of national budget allocation is necessary, not 
limited to economic support for graduate students, but also including postdoctoral fellows and tenured positions. 
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 ② United States 
In the United States, graduate students are simultaneously in a position in which they pay tuition and receive 
education, and are also employed by the universities or teachers to perform TA or RA work. It has also been 
pointed out that students employed are requested to provide results corresponding to the economic support.  
 
③ United Kingdom 
In the most important issue of securing outstanding students, the point is whether the students can secure 
school expenses and living expenses with scholarships. Full-time doctoral students are prohibited from taking 
jobs such as part-time work so as not to interfere with education and research. 
 
(4) Changes in quality of students 
① Japan 
In some graduate departments, replies tended to mention that the quality of students in graduate schools is 
declining. Concretely, although there has been no change in the quality of the top level of students, a perception 
that the lower level has expanded downward and schools are now accepting students who would not have been 
admitted in the past was widely reported. Factors which may be mentioned as the causes of this problem include 
the ease of entering graduate schools (in particular, doctoral programs) due to expanded admission capacity, 
advancement to graduate schools (master’s programs) by students with only a vague purpose, progressively 
lower birthrates in Japan, and changes in primary and middle school education before entering universities. In 
particular, in graduate departments in Japan’s national universities, there is a perception that it has become 
necessary to accept lower quality students (students considered to have inadequate motivation or academic 
ability to receive education/research guidance in a graduate school) in order to fill the school’s admission 
capacity. Teachers also expressed an opinion that filling capacity and maintaining the quality of the students 
admitted has become a dilemma. Moreover, there is also a tendency to question the ease of admission to 
university graduate schools. 
As for the effects of this decline in the quality of graduate students, simultaneously with the adverse effect on 
the motivation of other students and the increased load on teachers, there is also an opinion that these students 
require greater care in the mental and everyday life aspects than in the past. Items to which importance is 
attached as indicators of the quality of students include specialized and basic academic knowledge and skills, an 
attitude to learn by oneself things which one is not taught, the ability to think deeply, and the will and experience 
to overcome the difficulties involved in the field. 
Regarding advancement to doctoral programs, teachers in Japan consider it important for outstanding students 
to advance to doctoral programs. However, a large number of respondents expressed the opinion that an 
adequate number of promising students, whom teachers hope will advance to doctoral programs, do not in fact 
continue to doctoral programs, but rather seek employment. 
 
② United States 
Respondents noted that the number of graduate students in the United States is determined by the budget for 
hiring students and the number of teachers able to provide guidance.  
 
③ United Kingdom 
Respondents noted that the number of graduate students in the United Kingdom is determined by the amount 
of scholarships. 
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2． Improvement of Graduate School Education 
(1) Training of human resources capable of working internationally 
① Japan 
The results showed a tendency to regard not only registered foreign students but also exchanges from 
short-term to long-term as important, and to attach importance to sending students overseas. Respondents also 
expressed the opinion that how these points can be incorporated in graduate school education is important. A 
large number of graduate departments subsidize fees for participation in international conferences, including 
participation by master’s students, showing recognition that experience overseas is a good stimulus. Some 
schools also provide support to expand students’ research horizons not only by attending international 
conferences, but also by long-term stays in other countries. 
(2) Efforts toward systematic education 
① Japan 
Regarding the current curriculums in graduate school education, the respondents expressed a consciousness of 
problems such as the absence of any curriculum design philosophy and a failure to respond to diversity in the 
career paths of students. On the other hand, various improvements have been implemented in order to ensure that 
diverse students master knowledge. These include the establishment of a core curriculum and making these 
courses compulsory, establishment of a dual course consisting of a major and minor, and implementation of a 
system of guidance by multiple teachers, including guidance related to the courses which students take. There 
was also an example in which experimental techniques, for which guidance had formerly been given in the 
laboratory, was made common as a compulsory course. Other examples included study of ethics for 
researchers/scientists, study of methods of writing papers and preparing presentations in English, and support for 
planning of symposiums by students, in addition to the students’ field of specialization. There were also moves 
to make improvements in graduate school education by individual disciplines and graduate departments common 
within the entire school, and an attempt to create a system enabling students to study in the optimum educational 
environment by constructing network between universities. Issues related to guidance by multiple teachers and 
the operation of inter-university cooperation in order to give substance to these trial efforts were also pointed 
out. 
There was a view that Japan’s system which enables concentration on research activities at the master’s stage 
and close research guidance in research laboratories, while also aiming at providing a platform for acquiring a 
wide range of knowledge and skills in individual disciplines, is a system in which this country can take pride, 
and emphasized this as a factor in the success of Japan’s master’s programs, and a view that guidance in 
laboratories is efficient, depending on the content. 
However, respondents pointed out that a large part of improvement in education ultimately depends on the 
awareness of teachers, and from this viewpoint, securing outstanding teachers is necessary for maintaining the 
quality of education. 
 
② United States 
In contrast to education in Japan, which prioritizes research from an early stage, priority is given to course 
work in graduate school education in the United States. Because the content of course work is reflected in 
research, respondents expressed a perception that course work does not result in a sacrifice of research work.  
 
③ United Kingdom 
Similarly, in the United Kingdom, there is an argument regarding the balance of education and research at the 
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University of Cambridge, as seen in moves to restrict the upper limit of the number of students receiving 
guidance. The systematic response to education is highly evaluated by the teachers at the University of Sheffield; 
however, there is a view that the necessity of content greater than that learned in course work in preparation of 
doctoral dissertations should be recognized. 
 
(3) Systems enabling teachers to concentrate on education  
① Japan 
A large number of respondents mentioned that, in spite of increases in administrative work such as preparation 
of proposals to obtain external funds, accounting, and the like, both the expertise and the number of human 
resources in administrative support positions is inadequate. Teachers who had work experience at universities 
overseas expressed doubts about the load of administrative work associated with entrance examinations. 
Furthermore, the necessity of human resources who possess more specialized knowledge and skills and perform 
work such as drafting project plans, and technical staff to perform development/control of measuring instruments, 
fabrication, and operation of devices was also mentioned. As a difference in the support staffs in Japan and the 
United States, teachers with educational experience in both countries pointed out the existence of specialized 
positions related to education and research. 
 
② United States 
Universities in the United States have increased and improved the administrative human resources who 
support teachers, and there is recognition that TAs also play a large role. On the other hand, with regard to the 
burden of administrative work by teachers in Japan, some of the opinions collected by email expressed the view 
that the problem is not the number of support staff, but rather, work efficiency. 
 
③ United Kingdom 
There is a view that the adequacy of human resources in support positions differs by faculty. 
 
(4) Systems enabling students to devote concentrate on study/research 
① Japan 
Many expressed the view that job-hunting activities, which begin with 1st year master’s students, have become 
an impediment to education in master’s programs. The fact that students determine their employment before they 
develop a heightened motivation to advance to doctoral programs because they decide their future career paths 
before beginning full-scale research is also perceived as a problem. 
 
(5) Securing quality in students produced 
① Japan 
It was pointed out that, under the current conditions, examinations at completion of graduate school programs 
depend partially on the conscience of the teachers. On the other hand, efforts are also being made to secure 
visibility in examinations. Concretely, this means inclusion of teachers from other disciplines in examinations of 
papers written for degrees and monitoring of the paper writing process. 
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② United States 
In the case of the United States, importance is not necessarily attached to papers written for degrees, 
particularly for those corresponding to the master’s degree. In doctoral programs, in addition to the dissertation, 
graduate schools use a system in which the academic ability and capability of the students to perform research 
are verified by Qualifying Exams and Preliminary Exams before students begin research work.  
 
③ United Kingdom 
There is a perception that examinations for degrees are conducted strictly. In the past, priority had been given 
to examination of papers as the product of the educational process, but it was shown that progress control of the 
preparation process is also performed. 
 
(6) Response to diverse careers 
① Japan 
The importance of imparting an awareness of non-academic career paths to students, particularly in doctoral 
programs, was noted, and efforts are being made to inform students through lectures and internships that the 
recipients of doctoral degrees can have diverse career paths. Efforts are also being made to improve 
communications skills of students and teach Management of Technology (MOT). 
 
② United States 
The University of Maryland, College Park (UMCP) has implemented a supplementary program called “Future 
Faculty” for students aiming at academic careers. 
 
③ United Kingdom 
As a course enabling students in doctoral programs to master skills that can be used in private companies and 
elsewhere, courses of “Transferable Skills” have been developed with the support of the national government. 
However, at the two universities surveyed here, the content is determined by the university and departments. At 
the University of Cambridge, the evaluation of this kind of program by teachers is diverse, while at the 
University of Sheffield, the evaluation by students and industry is high. Although teachers had opposed the 
program at its start, this has gradually changed toward acceptance. 
 
(7) Systems for continuously improving education 
① Japan 
Although it is not easy to evaluate educational activities, if the time and other resources devoted to teaching 
are considered, there is a view that some kind of merit for teachers who devote effort to teaching is necessary. At 
graduate schools in Japan, there are examples in which courses are evaluated by students, but respondents 
recognized that there is virtually no mutual observation of classes among teachers. 
 
② United States 
At the universities survey here, the research work, educational work, and service work of teachers is evaluated 
annually. Because the universities visited in this survey are research universities, priority is attached to research 
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work. However, to a certain extent, education has also become a subject of evaluation. 
 
③ United Kingdom 
All universities in the United Kingdom are evaluated by the Quality Assurance Agency for Higher Education 
(QAA). Because this is also related to budgetary actions, there is a perception that teachers at the University of 
Sheffield are extremely concerned with this evaluation. There were views that educational evaluations affect 
assessments, and at the same time, systematic external examinations of test problems and mutual observation of 




Chapter 4 Chapter 4 Comparison of Curriculums in Japan and United States 
Section 1 Outline of Study 
1． Purpose 
The purpose of this study was to clarify the differences in the human resources training functions of graduate 
schools from the viewpoints of “entrance,” “process,” “exit,” and “system,” and on this basis, to identify issues 
for the improvement of graduate school education. The study focused on three designated fields at four 
universities in Japan and the United States. 
2． Objects of Study 
Among the universities studied in the previous chapter, four universities were selected as object universities 
for study in the comparison of curriculums, these being the University of Tokyo and Hiroshima University in 
Japan and the University of California, Berkeley (UCB) and University of Maryland, College Park (UMCP) in 
the United States. As object fields for study, the three fields of Physics, Mechanical Engineering, and 
Bioengineering were selected from science and engineering, considering the strength of their relationship with 
industries, differences in the maturity of the curriculums, etc.25
 
Table 1 - 13 Organizations and programs of respective universities for object fields of this study 
University Program Physics Mechanical Engineering Bioengineering 
Department of 
Mechanical Engineering, 
Faculty of Engineering 
(No program directly 
corresponding to 
bioengineering) 
Department of Physics, 
Faculty of Science Undergraduate 
University of 
Tokyo Department of Mechanical Engineering, 




Graduate School of 
Engineering 
Department of Physics, 
Graduate School of 
Science 
Graduate 
Department of Physical 
Science, Faculty of 
Science 
Mechanical System 
Engineering, Faculty of 
Engineering Cluster I 




School of Engineering 
Department of Physical 
Science, Graduate 
School of Science 
  Graduate 




Graduate Physics Mechanical Engineering Bioengineering 







Bioengineering Graduate Physics 
 
3． Study Method 
A comparative analysis of the curriculums in the object programs was carried out through a survey of the 
literature, including publicly available information. Examples of actual efforts and their actual contents were 
obtained through interviews with the department chairperson (dean, director of field of studies), etc. 
 
                                               
25 Here, the general terms “Physics” and “Mechanical Engineering” are used, respectively, including the Department of Physical Science and 
the Department of Mechanical System Engineering at Hiroshima University. 
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Section 2 Study Results 
The results obtained from the survey of the literature and interviews were arranged as follows from the 





























■ Systematic study/research guidance 
 
■ Importance of TAs  
 
■ Reduction of load on teachers and 
strengthening of support function  
■ Concretization of human resources training targets in each course  
 
■ Diversity of career paths after completion of doctoral course  
 
■ Differences in recognition of place in society of recipients of doctoral degrees  
■ Differences in student selection processes  
 
■ Diversity of incoming students  
■ Differences in positioning of master’s courses and doctoral courses  
 
■ System for ensuring mastery of knowledge and skills – Process control –  
 
■ Innovations enabling students to acquire wide range of knowledge  
 
■ Response to diversification of career paths  
 
■ Clarification and visibility of contents of education  
“Outputs” of graduate school education  
“Inputs” to graduate school education  
“System” of graduate school 
education  
“Process” of graduate school education  
 
Figure 1 - 13 Issues in comparison of curriculums 
1． “Entrance” of Graduate School Education 
(1) Differences in student selection processes 
The object programs in Japan screen students for admission when entering the master’s course and doctoral 
course; however, there are slight differences in the screening processes, depending on the university.  
For the object programs at the University of Tokyo, the basic screening process for admission to the master’s 
and doctoral courses consists of written tests (field of specialization, mathematics and other relevant subjects, 
foreign languages, and depending on the department, essay test) and an oral examination (examination on the 
master’s thesis when entering the doctoral course, etc.). However, there are cases in which persons advancing to 
the doctoral course internally (in the same university) are exempted from some written tests. 
In contrast to this, the general screening process at Hiroshima University consists of an oral examination and 
examination of documents in the master’s and doctoral course in the Physical Sciences. As a distinctive feature 
of this field, written tests are not required. In the master’s and doctoral courses in the Mechanical Engineering 
program, the basic screening process comprises written tests (foreign languages, field of specialization), an oral 
examination, and examination of the candidates’ documents. 
in the object programs in Japan, admission tests are conducted by the Thus, it can be understood that 
individual universities, and in comparison with the United States, a larger number of tests are required, including 
oral examinations and others. 
On the other hand, common requirements of the object programs (Ph.D.) in the United States include setting 
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26of a minimum standard for undergraduate academic achievement (GPA  of 3.0, equivalent to grade of B or 
higher, etc.), examination in the General Test in the GRE27, which is a common national test in the United States 
(in addition to some departments which set a minimum score, the physics departments also require both the 
General Test and Subject Test of specialized knowledge), submission of 3 letters of recommendation, etc. In 
addition to these requirements, foreign students must also submit results from the TOEFL28, etc. Thus, as 
distinctive features of student selection in the United States, universities attempt to obtain students based on 
criteria which are comparatively standardized by evaluating students’ academic achievement using the GPA, and 
the GRE which is a common nationwide test. 
(2) Diversity of entering students 
The condition of admissions to the master’s courses in the object programs in Japan differs depending on the 
university. For example, in the University of Tokyo’s Department of Physics, the capacity of the graduate school 
is large in comparison with the undergraduate level, and a comparatively large number of students, totaling more 
than half, advance to this program from other universities. In contrast, at Hiroshima University, around 90% 
advance internally. As background to this, there is a recognition that “concentration on designated universities is 
progressing” when students advance from the undergraduate level to graduate school. For example, “Because the 
former Imperial Universities gather students as a result of the quantitative improvement of graduate schools, the 
number of students entering master’s courses from other universities is decreasing.” Looking at doctoral courses, 
with the exception of the Mechanical System Engineering program at Hiroshima University, internal 
advancement accounts for virtually all entering students. 
In the object programs in the United States, admissions center on students entering from other universities, and 
internal advancement is basically slight. For example, persons entering UMCP from other universities accounted 
for 98% in Physics and 73% in Mechanical Engineering. 
Where Bioengineering is concerned, because this is a new interdisciplinary field, not only the number of 
students from other universities, but also the number from other fields is large, and at both UCB and UMCP, this 
program tends to attract outstanding students (students with high GRE scores and high GPA averages in 
undergraduate records) in comparison with other fields.  
                                               
26 GPA (Grade Point Average) is a method of evaluating the academic achievement of students which is used as a standard in Europe and the 
United States. The GPA is a numerical value showing the average of a student’s results when course results are evaluated in 5 levels, A 
(=4.0), B (=3.0), C (=2.0), D (=1.0), and F (=0.0). A GPA of 4.0 means that a student has a record of A grades in all courses taken. 
27 The GRE (Graduate Record Examination) is a common examination which is normally required when advancing to graduate schools in the 
United States. In order to test general knowledge and specialized knowledge, it comprises two tests (General Test, Subject Test in specific 
fields). Normally, many schools require only the General Test. However, Subject Tests are also required for persons wishing to study 
mathematics, physics, and similar subjects. 
28 TOEFL (Test of English as a Foreign Language) is a test used to measure the English language proficiency of non-natives for whom 
English is a second language. 
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Table 1 - 14 Comparison of ratio of internal advancement of graduate students 
Number of students admitted (2007/Fall 2007) 




Master’s 106 (100%) 46 (43%) 60 (57%) 3 (3%)Physics 
Doctoral 54 (100%) 51 (94%) 3 (6%) 4 (7%)




Doctoral 1 (100%) 1 (100%) 0 (0%) 1 (100%)
Master’s 39 (100%) 34 (87%) 5 (13%) 0 (0%)Physical Science 
Doctoral 10 (100%) 10 (100%) 0 (0%) 0 (0%)
Master’s 81 (100%) 76 (94%) 5 (6%) 1 (1%)
Hiroshima 
University Mechanical System 
Engineering Doctoral 7 (100%) 3 (43%) 4 (57%) 1 (14%)
Physics Ph.D. Program 95 (100%) 2 (2%) 93 (98%) 10 (11%)University of 
Maryland Mechanical 
Engineering Ph.D. Program 107 (100%) 29 (27%) 78 (73%) 43 (40%)
(Note) At the University of Tokyo, there is no field corresponding to Bioengineering at the undergraduate level. 
Source: Prepared based on questionnaires submitted to the respective departments (no replies for object programs other than 
those shown above). Japan: as of May 2008, US: as of Fall 2007. 
2． “Process” of Graduate School Education 
(1) Differences in positioning of master’s courses and doctoral courses 
The object programs in Japan are all divided into a 2 year master’s course (first part of Ph.D. course) and 3 year 
doctoral course (second part of Ph.D. course). The fact that students begin research activities at an early stage, as 
they are assigned to a laboratory and can perform research activities when they enter the master’s course, is 
considered to be a strength. In the doctoral course, students can engage in research activities continuing from the 
master’s course. Regarding the capabilities which should be mastered as a result of this process, in addition to 
the “depth of specialization,” some respondents also mentioned problem discovery/solving skill. 
The object programs in the United States basically assume a doctoral course as a precondition, and respective 
conditions are specified for the completion of the master’s degree. In other words, if a person satisfies the 
requirements for completion of the master’s degree while studying in the doctoral course, he or she can receive a 
master’s degree. As an exception to this, only in the Mechanical Engineering program at UMCP, the master’s 
course is separate from the doctoral course and is offered as a practical terminal course, mainly for adult students. 
In the object programs in the United States, after entering the graduate school, students join a laboratory after 
studying subjects through course work, a Preliminary Exam, and/or a Qualifying Exam (qualification to become 
a doctoral degree candidate), and only then begin their research activities. For this reason, students do virtually 
no research work in the stage corresponding to the master’s course. Because the period corresponding to the 
master’s course consists mainly of course work and students do not write papers, the difference between the 
master’s and doctoral stages has become clearer in comparison with Japan. In this sense, in the object programs 
in the United States, the period during which students perform research is shorter than in Japan. Where this is 
concerned, the thinking is that ensuring a mastery of the basic and wide-ranging knowledge necessary in the 
student’s field of specialization through course work is indispensable for improving the quality of research work 
after course work. Furthermore, there is a common recognition that problem solving skills, such as the ability to 
discover problems and to conceive, propose, and execute methods of solving problems, are important capabilities 
which should be acquired in the doctoral course. 
(2) Response to diversification of career paths 
In the object programs in Japan, responses to diversification of career paths, including industry, have begun in 
some cases. For example, in the Department of Physics at the University of Tokyo, this includes the “Physics 
Cluster Course” which, although not an independent specialization, is a common course in physics-related 
research that allows students to study fields outside their individual specializations in order to master a wide 
range of knowledge. In addition, the Department of Physics invites lecturers from the private sector and offers 
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“Theory of Advanced Science and Technology,” which directs students’ attention toward private companies, 
“Basic Theory of Science Communication,” where students learn communications skills, and others. As part of 
the Global COE Program, this school also implements “Off-Campus Dispatches” to promote experience in 
different research environments and career development by dispatching students to private-sector companies and 
other organizations.   
On the other hand, Hiroshima University has reorganized its graduate school curriculum and holds 
Engineering School common lectures responding to social needs (Current Social and Technical Ethics, English 
Communications, Overseas Internships, Project Based Learning (PBL) for Technology Transfer). In particular, 
concerning internationalization of the educational program, in the first part of the doctoral course (i.e., master’s 
course), this school is promoting use of the English language in all courses (at present, preparation of English 
language course materials has begun), overseas internships, overseas joint research, and mutual dispatches of 
students with overseas schools with which the university has agreements. In the second part of the doctoral 
program, the Graduate School of Engineering has established a “Program for Foreign Students Distinguished in 
Technology Transfer,” which is aimed at foreign students. 
Thus, in the object programs in Japan, attempts can be seen to respond to increasing non-academic career 
paths by providing diverse courses and opportunities for experience.
In the object programs in the United States, there are examples in which the schools are attempting to respond 
to the needs of students who plan to advance to careers in academia and industry, respectively, by establishing 
supplementary programs. At UMCP, for example, as an effort by the School of Engineering as a whole, this 
school offers a “Future Faculty” program  in order to foster outstanding university teachers in 29
engineering-related fields for students who intend to seek academic posts. This is a special system in which 
outstanding students are selected from among those planning to seek academic posts, training courses are offered 
to enable students to acquire the skills necessary as university teachers, and in addition to the economic support 
the students receive as RAs or TAs, additional scholarships and expenses for travel to participate in conferences, 
etc. are provided. 
The composition of the object programs in the United States basically centers on the doctoral course, but there 
are also examples of schools that provide multiple courses corresponding to the purpose of the student. For 
example, in the Mechanical Engineering program at UMCP, a professional master’s course for adult students has 
been established separately, and the Mechanical Engineering program at UCB offers two types of doctorates 
(Ph.D. and D.Eng.) and 3 types of master’s degrees (M.S. plan I, M.S. plan II, M.Eng.). 
 
Table 1 - 15 Example of “Future Faculty” program at University of Maryland, College Park 
The “Future Faculty” program consists of the following 3 types of courses, Training Seminars, Teaching 
Practicum, and Research Mentoring Practicum. 
① Future Faculty Program Seminar I, II, III (Training Seminars) 
・Mastery of the skills necessary to gain a faculty position (effective presentation, etc.). 
・Mastery of effective teaching methods, course design, preparation of tests and homework, methods of 
communication with students, etc. 
・Mastery of development of research programs, management of research groups, preparation of grant 
proposals, research mentoring methods, etc. 
② Future Faculty Program Teaching Practicum 
・Co-teaching of courses under supervision of a mentor. Syllabus preparation, preparation/correction of 
tests, evaluation of results, etc. 
③ Future Faculty Program Research Mentoring Practicum 
・Research mentoring for graduate students and undergraduates with limited research experience. 
Source: Prepared based on http://www.eng.umd.edu/academics/ffp/ffp-courses.html. 
                                               
29 This program was begun in 2007 in the UMCP School of Engineering. Its objectives are to heighten the presence of the school itself by 
training and producing outstanding human resources as teachers at the world’s top level engineering universities. 
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(3) System for ensuring mastery of knowledge and skills – Process control – 
 In the object programs in Japan, completion of the necessary number of credits in course work is a condition 
for completion of a degree. However, control of the process of taking these courses is not necessarily adequate. 
Furthermore, regarding the evaluation of results, because the difficulty of the course content varies, depending 
on the course, little importance is attached to the evaluation of results in individual courses as “excellent” or 
“good.” Accordingly, the main method of evaluating students is evaluation of the final degree of achievement 
based on papers written by students. As a result, for students, completing the master’s thesis and doctoral 
dissertation in the final stage has become the highest priority.  
However, even in Japan, partial efforts to monitor the status of achievement, and not only the final result, have 
begun, centering on master’s courses. For example, the Department of Mechanical Engineering at the University 
of Tokyo has established “Guidelines for Evaluation of Master’s Thesis Research,” which evaluate master’s 
thesis research not simply in terms of “research results,” but also “process,” including the ability to identify and 
set problems, motivation, autonomy, and the like. This system has been in use since fiscal year 2008. The 
progress of the student’s studies is controlled by confirming the student’s course plan under a mentor at half-year 
intervals. 
In the systems used in the object programs in the United States, the first two years (corresponding to the 
master’s course in Japan) center on course work, and after his or her status of achievement is confirmed in a 
Preliminary Exam and/or Qualifying Exam, the student joins a laboratory in the equivalent of the doctoral course 
(second part of the doctoral program) and performs research work. In the programs studied for this report, the 
Preliminary Exam and/or Qualifying Exam are not positioned as screening tests for students, but rather, are 
required in order to ensure that the students master the basic knowledge and abilities necessary when beginning 
specialized research activities. Because the schools conduct these tests, students are placed in an environment in 
which students have no choice to study in earnest in their course work.30,31 Furthermore, because academic 
performance is controlled by the GPA, and a certain level of performance is required when hiring RA/TA, this is 
also considered heighten the motivation of students to study. At UCB, process control is performed by a system 
in which academic advisors and research advisors confirm the status of the student’s progress by preparing 















                                               
30 [Reference] According to a joint study by the American Physical Society and the American Association of Physics Teachers, virtually all 
American graduate schools (departments of physics) require a Preliminary Exam and/or Qualifying Exam. Of these, 6% required an oral 
examination, while the remainder require a written examination (or combination of written and oral exams). 64% of the graduate schools 
require that students pass these tests within the first two years, and 73% of graduate schools grant qualification to persons taking the test a 
second time. (Source: American Association of Physics Teachers (AAPT) and American Physical Society (APS), “Graduate Education in 
Physics,” revised 2006.) 
31 In the object programs in the United States, virtually all students ultimately pass the Qualifying Exam and/or Preliminary Exam. Although 
a large number of students formerly failed to pass these tests, in recent years, the standards and positioning of the tests have changed. 
Referring to the results of opinions collected by email from Japanese national teachers living in the United States, there were cases in which 
the pass rates at universities other than the objects of this study were not necessarily high; hence, it is considered that conditions differ 
























Figure 1 - 14 Example of curriculum in doctoral program in the United States (UMC, Physics program) 
 
Figure 1 - 15 Example of curriculum in doctoral program in the United States (UCB, Bioengineering program) 
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(4) Innovations for ensuring that students acquire wide range of knowledge 
Some of the object programs in Japan have begun efforts to ensure that students acquire a wide range of 
knowledge in graduate school education. For example, in the Mechanical Engineering program at the University 
of Tokyo, the curriculum has been grouped by field, and since fiscal year 2008, students have been required to 
take courses from fields outside their own field of specialization. 
In the Bioengineeing program at the University of Tokyo, students are required to take at least one course 
from each of the 6 regions which comprise the program and to take a seminar course conducted by the 
Department as a whole. 
At Hiroshima University, the Graduate School of Science offers a course called “Foundations of 
Interdisciplinary Science,” which is based on a different theme each year. Although not a required course, this is 
a course in the interdisciplinary region extending beyond the framework of individual disciplines, in which joint 
classes and seminars are offered to students in natural science and technical graduate programs, extending 
beyond the framework of the sciences. 
However, given the perception that “a problem of compartmentalization undoubtedly exists,” in spite of the 
fact that importance is attached to education which aims at “learning widely and inquiring deeply,” it was also 
indicated that, because research activities with the aim of writing a dissertation are emphasized, ultimately, 
students will not direct their interests outside of their specialized themes unless study of the surrounding areas is 
made mandatory. From the results of interviews with the heads of the object programs in Japan regarding the 
establishment of required courses in surrounding areas and improvement of course work, some expressed a 
skeptical opinion that this would mean sacrificing the research work which is one of Japan’s strengths. There 
was also a perception that students unfortunately begin job-seeking activities from the second half of their first 
year as master’s students, and actual results such as presentation of papers, etc. are necessary when applying for 
the Japan Society for the Promotion of Science Research Fellowship (DC: doctoral course fellows). Moreover, 
this study also found that it is difficult to take a decision to upgrade course work aimed at “broadening vision” 
when this involves increasing the number of required courses. 
In the object programs in the United States, because education after entering graduate school centers on course 
work, students tend to study surrounding areas other than the field in which they expect to specialize in their 
future research work. Respondents expressed a common view that knowledge extending to surrounding areas is 
necessary in order to produce novelty. Concretely, in the Department of Physics at UMCP, students are required 
32to take at least 2 courses in specialized areas other than their own specialization.  In the Mechanical 
Engineering program, students must give a presentation on a theme which is different from their own research 
field in the Qualifying Exam, and in the Bioengineering program, students are required to visit and experience a 
minimum of 3 different labs. At UCB, students in the Mechanical Engineering program are required to select 2 
minor fields in addition to their major, and in Bioengineering, lab rotation is a requirement. There is a perception 
that the implementation of these requirements is indispensable for acquiring the foundation and wide range of 
knowledge which are necessary in research. 
 
(5) Clarification and visibility of contents of education 
As mentioned previously, based on the recommendations of the Japan Society of Mechanical Engineers, the 
Mechanical Engineering program at the University of Tokyo established guidelines for evaluating master’s 
theses focusing on process in order to satisfy the demands of industry, and specified and began using evaluation 
sheets (evaluation items) for examining faculty and advisors. Graduate students also prepare a “Course Plan,” 
aiming at stricter control of students’ plans. One objective of this system is to ensure that advisors have a sense 
of responsibility as to whether the courses their students are taking are appropriate, based on a comparison with 
the individual student’s research theme. At the same time, a system has also been introduced under which the 
“Research Plan” that the student prepares when entering graduate school is reviewed at half-year intervals, and 
                                               
32 [Reference] According to the study by the American Institute of Physics, in order to ensure that students acquire a wide range of 
knowledge in graduate school education (physics programs) in the United States, 52% of universities require that students take at least one 
course outside of their specialization. (Source: American Association of Physics Teachers (AAPT) & American Physical Society (APS), 
Graduate Education in Physics,” revised 2006.) 
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evaluated each time in five levels. 
Thus, progressive efforts to clarify and give visibility to the contents of education have begun. However, many 
items are still determined based on internal rules, including the number of papers and number of presentations 
required before completion of a degree. 
At the object programs in the United States, the detailed contents of curriculums and syllabuses are posted on 
the school’s website, and information is openly available in student handbooks. This includes information of the 
type specified under internal rules at graduate schools in Japan. Concretely, conditions for completing the degree 
other than the number of course credits required, and the recommended research activities and mentoring system 
are described in detail. Concrete standards for recommended activities other than taking courses including, for 
example, experience as RA and TA, etc., lab rotation, and other matters, are also specified as conditions. There 
are cases in which a larger number of items are presented than in Japan, where the conditions for completion of 
the course are basically described by the number of credits and paper. For example, at UCB, the status of 
students’ progress in studies is confirmed each year by progress reports. 
This indicates that this system makes it easier to understand the curriculum by students who is planning to 
advance to the graduate school from outside colleges. 
 
 
Source: Materials provided by the University of Tokyo Department of Mechanical Engineering. 
Figure 1 - 16 Evaluation of master’s theses (University of Tokyo, Mechanical Engineering program) 
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 Source: Prepared based on the University of California, Berkeley, “Bioengineering Graduate Students’ Handbook. 
Figure 1 - 17 Example of contents of Graduate Handbook in UCB Bioengineering program 
3． “Exit” of Graduate School Education 
(1) Concretization of targets for human resources training in respective programs 
In both Japan and the United States, educational targets differ depending on the program. However, various 
general definitions have been proposed. 
For example, in the Department of Physics of the University of Tokyo, the objective is to foster competence as 
independent researchers and engineers. Therefore, the aim of this program is “to train human resources who can 
play a leadership/creative role under any circumstances, whether in employment specializing in research in 
physics as a career path after completion of the course, or in other career paths.” In the Department of 
Mechanical Engineering, the goal is “to train engineers and researchers who contribute to the realization of a 
safe and secure society and healthy and affluent life, and to the progress of world civilization and culture,” and in 
the Department of Bioengineering, the goal is to “train human resources who will form the core of strategic 
research and development in bioengineering.” Basically, training researchers and engineers is the goal of human 
resources training. 
In the Department of Mechanical System Engineering at Hiroshima University, goals are set separately in the 
master’s course and doctoral course. In the first part of the doctoral course (master’s course), the aim is to train 
advanced specialist engineers, while in the second half of the doctoral course, the aim is to train advanced 
specialist engineers and researchers. 
In the object programs in the United States, in the Department of Physics at the University of Maryland, the 
aim of the doctoral course is to enable graduates to work in research in industry, governmental organizations, 
and the like. In the Department of Mechanical Engineering, the aim in the master’s course is “to be able to play 
diverse roles in industry and national laboratories,” but in the doctoral course, the aim is “to able to play diverse 
roles in industry and national laboratories, and at the same time, to be capable of responding to academic 
careers.”  
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Because the object programs in the United States are based on an integrated doctoral course, to a certain extent, 
there is a common recognition among teachers, students, and society regarding the abilities which recipients of 
doctoral degrees should possess and their places of activity, as will be described in the following. However, in 
Japan, doctoral courses are offered as separate courses after finishing a master’s course, and the fact that the 
added value of recipients of doctoral degrees in comparison with recipients of master’s degrees is not necessarily 
recognized by society is considered to be an important issue. 
 
(2) Diversity of career paths after completion of doctoral degree 
In the object programs in Japan, differences in career paths after completion of doctoral degrees can be seen, 
depending on the university. 
Looking first at physics programs, which mainly assume advancement to an academic post, at the University 
of Tokyo, approximately 60% are employed as researchers in universities or public research institutes, while 
approximately 30% find employment in private companies, etc. In contrast to this, in the Department of Physics 
at Hiroshima University, although the actual number is small, all are employed in private companies, etc., and 
not in universities or public research institutes. However, there was a view that “half or more of students in the 
doctoral course received doctoral degrees, but among the remaining half, cases of students finding employment 
before completing the degree increased due to the improvement in the business climate.” This indicates a 
condition in which a comparatively large number of students find employment in private companies, etc. from an 
intermediate stage in the doctoral course. 
In the Mechanical System Engineering program at Hiroshima University, virtually all persons who completed 
degrees were employed in private companies, etc. 
On the other hand, among the object programs in the United States, in the physics programs, it is considered 
that career paths center on advancement to academic posts. In actuality, among persons completing degrees at 
UMCP, approximately 80% are employed as postdoctoral fellows in universities or public research institutes, 
while the remaining 20% are employed in private companies, etc. Non-academic career paths include finance 
and economy-related and intellectual property-related work and employment as high school teachers. 
Regarding mechanical engineering, which has strong ties with industry, although more than 60% of graduates 
in this field are employed in private companies, etc., more than 20% become researchers in universities and 
public research institutes (virtually all of these are postdoctoral fellows). A doctoral degree is a necessary 
qualification for becoming a researcher in academia, and the general career path is work as postdoctoral fellows 
after receiving the doctoral degree, particularly in the natural sciences and engineering. 
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Table 1 - 16 Comparison of career paths after completion of master and doctoral courses 
Number of graduates (2007/2006-2007) 
University Field Course 
Teacher/researcher 










(49%)Master’s 0 (0%) 51 (50%) 2 (2%)Physics 21 
(31%)Doctoral 68 (100%) 42 (60%) 0 (0%) 5 (7%)






(67%)Master’s 36 (100%) 0 (0%) 9 (25%) 3 (8%)Physical Science Doctoral 5 (100%) 2 (40%) 3 (60%) 0 (0%) 0 (0%)




Engineering Doctoral 8 (100%) 1 (13%) 7 (88%) 0 (0%) 0 (0%)
Ph.D. 








35 (100%) 0 (0%) 18 (51%) 11 (31%) 6 (17%)
University 





(66%)44 (100%) 10 (23%) 0 (0%) 5 (11%)
 
*Japan: fiscal year 2007, US: 2006-2007. 
Source: Prepared based on questionnaire survey of the departments concerned. For the University of Tokyo, Department of 
Bioengineering, the master’s course will be established shortly; therefore, only the doctoral course is shown. 
 
(3) Differences in perception of place in society of persons completing doctoral degrees 
In the object programs in Japan, there is a perception that it is difficult to actively recruit students to doctoral 
programs, even in mechanical engineering, which has comparatively deep ties with industry, because “the 
narrow range of employment options and disadvantage in lifetime earnings are obstacles.” Furthermore, because 
“it seems that industry expects university education to provide a foundation in the student’s specialization, 
whereas students wish to study advanced fields in university education,” it was pointed out that a mismatch 
exists between the needs of industry and the needs of students. Moreover, a mismatch also exists in the research 
fields that are prioritized, as seen in the shift in graduate school education to advanced fields which are popular 
with students, and further, to advanced fields where competitive funding is easily obtained. From the interviews 
with the physics departments, the increase of a comparatively large number of persons who seek employment 
with companies, etc. before completing the doctoral course, even among students who appear to have excellent 
potential to become researchers in academia, perhaps due to the image of the unstable condition of postdoctoral 
fellows after completion of the doctoral degree, etc., and the issue of training and securing successors in 
academia has also been pointed out. Furthermore, there is also a perception that how society as a whole evaluates 
recipients of doctoral degrees affects the orientation of the students’ career paths, as pointed out in a comment 
that “students do not take doctoral degrees because doctorates are not highly rated by society.” 
On the other hand, in the United States, respondents expressed a view that it is possible for recipients of 
doctoral degrees to work in diverse positions in society because there is a perception that recipients of doctoral 
degrees possess problem solving skills. In comparison with holders of master’s degrees, differences in the place 
in society, roles, and compensation of recipients of doctoral degrees are recognized, and there is also considered 
to be a high need for students to take doctoral degrees. The general path to academic posts is via work as a 
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postdoctoral fellow, and importance is attached to the skills and experience possessed by postdoctoral fellows 
which cannot be mastered in a doctoral course, including skill in applying for and obtaining grants, and the 
ability to steadily produce results in research themes and projects for which grants are received. Therefore, the 
experience of postdoctoral fellows is perceived positively, as exemplified by the fact that, when hiring university 
teachers, priority is given to the experience of postdoctoral fellows over new graduates. Based on these facts, it is 
considered that, in the United States, to a certain degree, a socially virtuous cycle of recipients of doctoral 
degrees and persons with experience as postdoctoral fellows has been established. 
 
 
Source: Based on U.S. Department of Labor, “Occupational Outlook Quarterly – Fall 2008.” 
Figure 1 - 18[Reference] Weekly income and unemployment rate by academic history in the United States (2006) 
In the United States, Weekly earnings (left) increases and the Unemployment rate (right) decreases as the 
doctoral and degree level rises. However, it should be noted that these data are limited to the 25-44 age group. 
 
4． “System” of Graduate School Education 
(1) Systematic study/research guidance 
Because students in the object programs in Japan belong to a laboratory from the time they enter the graduate 
program, research guidance centers on mentors in laboratories. In the stage of evaluation of the final paper for 
the degree, reviews are conducted by multiple faculty members, either including the student’s mentor or not 
including the mentor. 
 For example, in the Department of Physics at the University of Tokyo, the student’s mentor is not included in 
the 5 members of the dissertation examining committee in the doctoral course. In the Department of Physics at 
Hiroshima University, it is specified that Faculty Meetings be established under the conditions that examining 
committees for doctoral dissertations consist of “3 or more professors in fields of specialization with a deep 
relationship with the content of the dissertation for the degree,” and that defense committees consist of “3 or 
more professors in fields of specialization with a deep relationship with the content of the dissertation for the 
degree” and “include professor(s) from other departments.” 
In contrast to this, in the object programs in the United States, the teacher responsible for student guidance 
(academic advisor) is assigned in the first year because the teachers from whom students will receive research 
guidance are not determined at the point when the students enter graduate school. At UMCP, the system of 
guidance changes over from a student advisor who was assigned provisionally to the teacher from whom the 
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student will actually receive research guidance (research advisor) in the stage where the student begins research 
work. On the other hand, at UCB, students continue to make progress reports to their academic advisors even 
after their research advisor has been decided (dual guidance system). Furthermore, at UCB, the system of 
responsibility for acquisition of the knowledge which is a prerequisite for research guidance (i.e., course work) is 
divided from research guidance (research work), and the research advisor is not involved in the Qualifying Exam. 
However, the research advisor is involved in the Qualifying Exam at UMCP. Both UCB and UMCP 
(Department of Mechanical Engineering, Department of Bioengineering) have constructed systematic research 
guidance systems in which a dissertation examining committee is established at an early stage, and annual 
progress is checked, etc. Furthermore, faculty members from fields other than the student’s specialization are 
included in the Qualifying Exam and the examination of the dissertation. Thus, in the object programs in the 
United States, multiple teachers are involved in academic and research guidance of students in the entire series 
of processes from admission to the graduate school to completion of the degree. 
 
 
Source: Prepared based on UCB, “Bioengineering Graduate Students’ Handbook. 




(2) Importance of TA 
In the object universities in Japan, TAs assist with tests and scoring, make preparations for classes, etc. 
However, their participation in actual teaching is limited, and this system has not reached a level of economic 
support that can cover tuition and living expenses. Although there is a perception that “being a TA is a type of 
training for the persons involved, and therefore is not a burden,” the issue of finances has been pointed out, in 
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that “exempting TAs from tuition would be a drain on the university’s finances.” 
In contrast to this, at the graduate schools in the United States, the TA system is not merely one type of 
economic support for students, but also contributes to reducing the burden on the educational activities of 
teachers, as TAs participate in a wide range of educational activities such as grading homework, taking 
responsibility for some classes, and the like. The TA experience is expected to provide an opportunity to develop 
the skills necessary as future teachers, to foster presentation and communication skills, and to encourage a 
greater understanding of one’s own specialization through teaching students. TA experience can also be listed in 
the student’s curriculum vitae, and there are students who advance to teaching positions based on their TA 
experience instead of being researchers. Because such importance is attached to TAs, TA experience has, for 
example, come to be a required activity in the first 1-2 years of graduate education. 
In the case of UCB, a certain academic record is required as a criterion for appointment as a TA, and training 
courses as TAs are provided and required. TA positions are also divided into multiple types. Among these, for 
Graduate Student Instructors (GSI), who are responsible for supporting classroom teaching activities, the content 
of duties and the salary system are set based on a 4 level classification. Students who have excellent records as 
TAs are awarded a commendation as “Outstanding Graduate Student Instructor,” and an environment for 
maintaining and improving the quality of TAs, including monetary incentives, etc. has also been established. 
 
Table 1 - 17 Example of TA (GSI) levels at University of California, Berkeley 
The University of California, Berkeley has introduced a TA system comprising 4 categories, ① Graduate 
Student Instructor, ② Acting Instructor – Graduate Student, ③ Reader, and ④ Tutor. Here, ① Graduate 
Student Instructor is presented as an example. 
 
z Graduate Student Instructor (GSI) 
At the University of California, Berkeley, graduate student instructors who support classroom teaching activities 
are termed Graduate Student Instructors (GSI). In employment of GSI, the GSI belongs to one of four different 
levels. 
z Level I 
The GSI has responsibility limited to presiding over discussions in classes or experiments in labs, under the 
active supervision and authority of the full-time faculty member (teacher) who is responsible for teaching the 
course as a whole (including the activities of the GSI). Level I GSI do not have responsibility for teaching 
classes, the content of problems, planning of tests, or evaluation of results. 
z Level II 
GSI of this level have responsibility for the same matters as level I GSI. However, when appointing level II GSI, 
that person may be considered as having the skills to teach courses belonging to the Lower Division of the 
undergraduate school under full-time faculty. 
z Level III  
Level III GSI should have the skills to teach lower division courses in the undergraduate school under the 
authority of faculty. When a GSI is appointed to assist a course at the graduate school level in each subject, 
the Graduate Division requires that the GSI for the course belong to a substantially higher graduate school 
course of a level different from the course which he is assisting. In other words, to assist in a master’s level 
course, the GSI must belong to a course higher than the master’s course, and to assist in doctoral level 
courses, the GSI must be postdoctoral fellow level. Under this condition, the GSI is not eligible for the same 
financial support as the students he/she is teaching. Appointments as level III GSI are made by the Associate 
Dean of the Graduate Division. 
z Level IV 
Appointment to this level is made to persons with additional authority (supervision of other GSI) exceeding 
those normally assigned to levels I, II, and III, and are subject to formal review and approval by the Associate 
Dean of the Graduate Division. 
 
(Note) In appointment of GSI above level I (i.e., level II and higher), appointments should be made only after review and 
approval by the Associate Dean of the Graduate Division. 




Source: Prepared based on American Association of Physics Teachers & American Physical Society, “Graduate Education in 
Physics (2006). 
Figure 1 - 20[Reference] Programs provided to first year of graduate school (physics programs) in the United 
States 
It can be understood that virtually all graduate schools (physics programs) in the United States conduct TA training. 
 
(3) Reduction of load on teachers and strengthening of support function 
In the front line of the object programs in Japan, respondents have diverse perceptions of the load of research 
and teaching work on university teachers. In the Department of Physics at the University of Tokyo, there is a 
perception that the teaching load of graduate school teachers is smaller than in undergraduate courses. Research 
guidance is given in each laboratory, and internal rules stipulate that the load may not exceed two students in one 
academic year. In contrast to this, in the Graduate School of Engineering at Hiroshima University, there is a 
perception that the number of students is larger than in other graduate departments, and the burden on teachers is 
heavy. Based on this fact, it was pointed out that reducing the size of the faculty will result in a further increase 
in the load on teachers and reduction in the quality of education. 
On the other hand, respondents also expressed a view that, rather, the load of work other than research and 
teaching is large, mentioning that “in addition to the diversification of the student selection process, the load 
associated with entrance exams is large due to the increased number of tests being given, including multiple tests 
each year, etc.” 
From the viewpoint of reducing the load on teachers, it is important to strengthen the support system, 
including use of TAs. However, it was pointed out that, in reality, although considerable knowledge and 
experience are necessary in administrative staff related to education, it is impossible to secure excellent staff due 
to the restrictions of the conventional personnel system, such as the fact that personnel must change jobs in order 
to advance, salary standards make it impossible to compensate staff in accordance with their real ability, etc. 
Furthermore, with the number of technical staff declining, respondents also mentioned problems in connection 
with the compensation of support staff, noting that it is difficult to secure outstanding technical support staff who 
are capable of building networks, etc., perhaps because this work is not sufficiently attractive in terms of salary 
and authority. 
On the other hand, in the front line of the object programs in the United States, although there is a perception 
that the load of teaching work, research work, and service work on teachers is large, each department 
(department head) makes adjustments so as to limit the teaching load on each teacher to approximately 1-2 
courses per term. There is also flexibility in this teaching load, as a system which lightens the teaching load on 
teachers with heavy research loads and new teachers has been established. Regarding research guidance, 
although there are differences depending on the specialization and style of research, in the example of the 
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Department of Physics at UCB, the number of doctoral students receiving research guidance from one teacher is 
on the order to 2-3 students. In Japan, where students are assigned to a laboratory immediately after entering 
graduate schools, there is a possibility that the period during which students receive guidance (school year) is 
being extended. This is also considered to be a reason why the load of research guidance tends to increase. 
Even when considered as a support system, in the object programs in the United States, the TA system is not 
limited simply to economic support, as students are responsible for a wide range of work including grading and 
classes, etc. As distinctive features of the system, results are required for the compensation paid to TAs, and 
experience in TA positions is important for the student’s career. Furthermore, expert staff are assigned to the 
administrative divisions of each department, and are responsible for work related to grant 
applications/management, technical support for IT, etc. Thus, the support division plays an important role by 





Source: Prepared based on the UCB website (http://www.me.berkeley.edu/new/staff/index/htm ). 
Figure 1 - 21Example of staff composition (support division) in Department of Mechanical Engineering, UCB 
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Chapter 5  Analysis of Study Results 
It can be said that the ctitical changes in the environment surrounding graduate schools of science and 
engineering are mainly qualitative and quantitative changes in students, globalization of graduate schools, and 
diversification of career paths for graduate degree recipients. 
As a result of the prioritization of graduate schools, larger numbers of students now enter graduate schools 
than in the past, and these students are also more diverse. Where career paths are concerned, education which 
responds to globalization and the development of new career paths different from academia, which had been 
central in the past in pursuing academic careers, has become important. Likewise, research and education which 
responds to the greater sophistication and complexity of science and technology and social problems has also 
become necessary. 
Therefore, in graduate school education in science and engineering at research universities in Japan, there is a 
need to promote new reforms in graduate education in order to produce higher added value, while continuing to 
maintain the strengths of the past. The following may be mentioned as the main directions for achieving this. 
 
z Creation of systems for securing students with high motivation and abilities. 
z Introduction of explicit educational aims for the graduate programs and educational systems to ensure 
that diverse students can achieve those aims. 
z Improvement of guidance systems as an organization of the graduate school, so as to enable recipients 
of degrees to acquire the wide range of knowledge and skills and internationality necessary to 
successfully pursue diverse career paths. 
z Establishment of educational evaluations and incentives to teachers for teaching, in order to 
continuously improve the quality of graduate school education. 
 
Based on the study results presented up to the previous chapter, the issues for education in graduate schools of 
science and engineering at the object universities in this study were divided into two categories, namely, 
securing the quality of graduate students and improving graduate school education, which were then arranged in 
the following 8 items. 
Table 1 - 18 Issues in graduate school education in science and engineering at research universities in Japan 
Class Issue 
Elimination of obstacles to advancement to doctoral programs 
Securing quality of entering students 
Securing high quality 
graduate students 
Securing excellent foreign students 
Concretization of educational aims and visibility of learning process 
Introduction of systematic measures enabling effective education of diverse 
students 
Improve graduate school 
education 
Introduction of systems enabling mastery of wide range of knowledge/skills and 
internationality 
Introduction of efforts enabling continuous improvement of quality of education 
Realization of system/support enabling teachers to concentrate on teaching 
 
In the following, the current status and consciousness of problems, directions for improvement, and points 
requiring special attention in the realization of the respective issues shown in Figure 1-39 are arranged based on 








Section 1 Securing High Quality Graduate Students 
1． Elimination of obstacles to advancement to doctoral programs 
In graduate schools of science and engineering in Japan, large numbers of students now advance to master’s 
programs (first part of doctoral program), but on the other hand, in recent years, there has been an ongoing 
decline in the number of students advancing to doctoral programs (second part) which had continued to increase 
in the past. Furthermore, the results of the study showed that students with high ability and motivation avoid 
doctoral program, and concern of teachers that advancement to the doctoral program itself is not considered an 
attractive option among the career paths available to students. The fact that students now begin job-seeking 
earlier is perceived not only as having a negative effect on improvement of education, but also as an obstacle to 
advancement to doctoral programs. 
The response to these conditions is considered to include not only increasing the added value of doctoral 
programs, but also a review of the modes of economic support and active publication of activity of persons who 
have completed doctoral degrees, with the aim of making advancement to doctoral programs attractive to 
talented, motivated students. 
(1) Solution of problems related to employment after completion of doctoral program 
① Expansion of opportunities for matching students and companies 
[Current status] 
In the interviews in this study, it was pointed out that there are no problems with finding employment after 
completion of doctoral programs, in particular, in engineering graduate schools. However, at the same time, 
there was concern that a doctoral degree is not advantageous for finding employment in industry. It is considered 
that many students who are oriented toward nonacademic careers seek employment on graduation from 
undergraduate programs or completion of a master’s program. As a result, this also has an effect in reducing the 
number of students entering doctoral programs. 
 
[Toward improvement] 
One conceivable measure for ensuring that the added value of doctoral programs is highly evaluated by 
industry is expansion of the opportunities for exchanges between companies and students. This has already been 
implemented by many graduate schools. This does not mean explanation meetings held by companies or the like, 
but includes closer exchanges such as, for example, student participation in joint research under 
industry-university collaboration and long-term internships. Universities which implement efforts of this type 
already exist and report that these efforts not only heighten the career awareness of students, but also make a 
large contribution in improving the abilities required by society. In the future, common implementation of these 
efforts will be an issue for study. 
② Appropriateness of composition ratio of academic posts from long-term perspective 
[Current status] 
As in the past, education for successors in academia is a crucial role of doctoral programs. Because the rate of 
increase in posts for young teachers such as assistant professors is lower than that of persons completing doctoral 
programs, the possibility of finding employment in academic posts is narrowing, even for outstanding graduate 
students. Furthermore, because faculty are busy, and the time available for contact with students is decreasing, 
there is concern that academia will no longer be an attractive career involving taking risks. As a result, students 
will no longer aim at academic posts by advancing to graduate schools, and it will become difficult to secure 
outstanding successors to university teachers. 
 
[Toward improvement] 
In order to improve the level of research in Japan, it is necessary to discuss this issue from the viewpoint of 
the optimum allocation of resources to academic posts as a whole, including postdoctoral fellows and 
limited-term contract and tenured positions at universities and public research institutes, and not simply the 
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excess or shortage of doctoral students. To encourage advancement to doctoral programs by excellent students 
who aspire to academic posts, it is necessary to study optimization of the composition of personnel from a 
long-term viewpoint, considering not only the immediate issue of posts for young teachers such as postdoctoral 
fellows and assistant professors, but the composition up to the professor and associate professor levels. 
Particularly in the case of national universities and public research institutes, a study of the appropriateness of 
the distribution of posts by rank and age is desired. 
③ Collection and publication of information on career paths and publicity for dissemination of 
examples of activity 
[Current status] 
Looking at Part 2 of “Career Trends Survey of Recent Doctoral Graduates” (NISTEP Report 126), which was 
conducted as part of the present study, many persons who have completed doctoral degrees are active in various 
fields of work other than academia. However, under the current circumstances, teachers do not have an adequate 
grasp of the careers of recipients of doctoral degrees, and companies which are attempting to hire recipients of 
doctoral degrees and persons considering advancing to a doctoral program cannot obtain basic information. 
 
[Toward improvement] 
Correctly assessing and publicizing information on career paths after completion of doctoral degrees is 
considered to be one means of enabling students to adequately study and correctly select their own career paths 
without unnecessary anxiety. For this, it is necessary to publicize to society basic information on the career paths 
of persons who have completed doctoral degrees. Such information would include the type of industry and 
position, income, and the like. Therefore, it is desirable to regularly investigate the condition of career paths and 
employment of persons completing doctoral degrees at each university and by specialization, and maintain a 
system to disclose the information through the creation of databases. In addition, rather than simply presenting 
quantitative information, it is considered that the attractiveness of doctoral program can be heightened, and an 
awareness of advancement to higher levels of education can be fostered, by actively spotlighting examples of 
doctoral graduates who are active in society and ensuring that actual examples are widely known, particularly 
among undergraduates and students in master’s programs. 
This type of information is also considered valuable in verification of the results of education, for example, by 
showing how human resources who were educated at the university itself are active in society. 
(2) Review toward effective economic support 
[Current status] 
The research-type universities which were the objects of this study have expanded their economic support by 
combining various types of funding sources (in addition to operating costs, these include donations and external 
funds) in order to secure outstanding graduate students, and particularly doctoral students. However, in general, 
economic support is still on the level of providing the equivalent of tuition or half of tuition, and has not reached 
a level that covers living expenses in addition to exemption from tuition fees, as is the case in graduate schools 
in the United Kingdom and in the United States. Furthermore, from the viewpoint of the global competition to 
recruit students, it has also been pointed out that the inadequacy of economic support, together with the Japanese 
language environment, is a major handicap for graduate schools in Japan. Increasing the scale of economic 
support is expected to encourage outstanding graduate students, including both Japanese and foreign students, to 
advance to doctoral programs. 
 
[Toward improvement] 
Support for doctoral students through research costs using competitive funds and other economic support 
At present, economic support for doctoral students, including in Japan, is provided in the form of RA expenses. 
However, it is considered that further improvements will be necessary in the future, as in science and 
engineering graduate schools in the United States. This will facilitate compensation-based economic support, 
like that given to RAs, from competitive funds and joint research with private companies, and by strengthening 
the relationship with the student’s own research, it is also expected to result in more adequate economic support, 
including living expenses, while allowing doctoral students to utilize their own knowledge and skills. 
Furthermore, if doctoral students can be used as research staff under a system by which they are compensated for 
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their work, this is also expected to have the effect of heightening their awareness of the research guidance of 
teachers. 
Varied economic support 
In order to encourage outstanding students to advance in graduate schools, an adequate effect cannot be 
expected without economic support of a certain monetary level which includes living expenses. However, in 
cases where the sources of funding are limited, the number of persons who receive support payments must 
inevitably be restricted by some method in order to increase the amount of support per person. Therefore, it is 
necessary to design a varied support system corresponding to the supply-and-demand relationship and the 
educational and research strategies of the university, and not simply to provide uniform support to all fields and 
students. For example, at present, expectations are placed on the creation of strategic support systems as 
university organizations; these include increased economic support for fields which are not particularly popular 
with students at present, but which the university wishes to make core fields of research in the future, economic 
support for students who are recognized as having high motivation and basic academic abilities. 
(3) Optimization of job-seeking activities 
[Current status] 
There is concern about the effects of early job-seeking, for example, beginning when students are in the first 
year of master’s programs. This not only impedes efforts to improve education, but also results in a situation in 
which students in master’s programs select jobs before they can experience the interest of research work and 
consider advancing to doctoral programs, and thus is a source of worry among university-related persons.33
 
[Toward improvement] 
Regarding job-seeking activities, it is necessary to conduct a joint study with industry on efforts that prevent 
early job-seeking, and to consider schedules which do not affect education and research. 
2． Securing quality of entering students 
Occasioned by the “prioritization of graduate school,” some graduate schools expanded their admission 
capacities. On the other hand, in recent years, the number of applicants to doctoral programs has continued to 
decline due to the low birthrate in Japan and other changes in social and economic conditions. In particular, amid 
strenuous efforts to secure full capacity in doctoral programs, respondents at some of the universities in this 
study expressed concern over declining academic ability and motivation in entering students. Accordingly, it is 
considered necessary to improve systems so that students who are incompatible with the university’s own 
educational system are not admitted simply because filling capacity has become an end in itself. 
(1) Accommodation capacity and optimization of its operation 
[Current status] 
At many graduate schools in Japan, the capacity filling ratio in master’s programs exceeds 100%; however, at 
a number of universities, enrollment in doctoral programs falls far below capacity. With applicants to doctoral 
programs in Japan declining nationwide, the number of entering students at some of the graduate departments in 
this study has not reached capacity in recent years. In these circumstances, it can be estimated that there are 
many graduate departments which are finding it difficult to maintain the same level of entering students as in the 
past while continuing to secure full capacity. 
One conceivable option for securing full capacity is optimization of the capacity of the doctoral programs 
corresponding to the number of applicants. However, from the interview survey, it became clear that few schools 
have actually reduced the capacity of their doctoral programs due to fears that the university may lose its status 
as one of Japan’s top-class research universities if it reduces capacity, as well as a sense of mission in connection 
with producing doctoral graduates. Depending on the university, in cases where the capacity filling ratio is low, 
some universities have also reduced the internal allocation of funds to the graduate departments concerned, and 
                                               
33 On October 22, 2008, a meeting of the Heads of the Schools of Engineering at 8 National University Corporations issued a statement 
regarding the current situation, in which restrictions due to the early/long-term hiring activities of companies and pre-employment training 
strongly affect the study motivation of students, and this has a major and serious impact on graduate school education. This body strongly 
demanded correction of the excessive hiring practices of companies. 
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respondents expressed concerns regarding the current orientation toward filling capacity by any means. Thus, 
there were misgivings that universities which must unavoidably fill capacity/secure students regardless of the 
cost are, as a result, contributing to a decline in the selectivity/level of the students admitted. 
On the other hand, in the United States, the capacity of graduate schools is not specified, and teachers are 
conscious that they are employing students. There is a recognition that this becomes an incentive for recruiting 
excellent students, and for maintaining the selectivity and level of the students admitted. 
 
[Toward improvement] 
Because the lower quality of students when securing full capacity becomes an end in itself affects both the 
motivation of laboratories and the research capabilities of universities, this can be expected to have a variety of 
harmful effects, beginning with a decline in the educational and research levels of the graduate departments 
concerned. This, in turn, will impact science and engineering in the broader Japanese society. Accordingly, it is 
desirable that universities should optimize the number of students, and that the national government should 
encourage these efforts, toward improvement of this current situation. 
3． Securing excellent foreign students 
In Japan, the number of foreign students is increasing, and teachers evaluate the recruitment of excellent 
students. On the other hand, however, respondents also expressed concern regarding variations in the quality of 
foreign students and the fact that the best students go to the United States and the United Kingdom. Because 
science and engineering are generally common academic fields worldwide, and in particular, the formation of an 
international network of human resource mobility is conceivable, there is concern that inadequate recruitment of 
excellent foreign students will have a negative impact on Japan’s participation in such a network. One 
countermeasure is considered to be the establishment of a system for receiving students as a university 
organization, including simplification of the application process and other procedures, and other systems based 
on the standpoint of the foreign students and their advising teachers. 
(1) Study of recruitment of excellent foreign students from viewpoint of foreign students and advising 
teachers 
[Current status] 
Looking at the breakdown of foreign students in Japan by specialization, the number of foreign students in 
science and engineering is small, and concerns regarding quality were also pointed out in the interview survey. 
As the background to this, the system is difficult for foreign students from overseas, as dissemination of 
information in connection with the graduate schools in English is inadequate, including in the application stage, 
it is not possible for students to apply for admission online, students must come to Japan for entrance exams, and 
economic support is limited. It has also been pointed out that instruction in English is limited, and university 
administrative personnel are unable to respond in English. Moreover, in aspects other than the teaching and 
research environments, the merits of study in Japan are not large, as it is not easy to find employment in Japan 
even if a foreign student graduates from a school in this country. 
As a result of these factors, there is concern that excellent students tend to select graduate schools in 
English-speaking countries rather than in Japan. 
 
[Toward improvement] 
In order to recruit excellent foreign students, it is necessary to establish systems from the standpoint of the 
foreign students and advising teachers, for example, by simplifying the application process and other procedures, 
and to improve the system for receiving students as a university organization. In particular, because individual 
universities have limited resources, it would be effective to utilize the merits of scale by using the resources of 
the surrounding region and cooperation by multiple universities in Japan and other countries. 
 
z The region where the University of Tsukuba is located is an environment where research and development 
institutes employing a large number of foreign researchers have campuses in the surrounding area; therefore, 
volunteers in the community provide support to foreign students. 
z The Ministry of Education, Culture, Sports, Science and Technology (MEXT) “Program to Accelerate the 
Internationalization of University Education” provides support for efforts to form consortiums with 
universities and others overseas in cooperation with multiple universities in Japan. 
 66
 As a measure from the standpoint of foreign students, the first point that may be mentioned is promoting the 
publication and dissemination of information in English, including information on job-seeking, in order to 
provide options equal to those at graduate schools in the United States and Europe. Making it possible to apply 
and take examinations online, including from overseas and the creation of an economic support system which 
provides firm commitments at the time of admission may also be mentioned. 
 
z The University of Sheffield in the United Kingdom provides a Japanese-language website. 
z Keio University has established a new scholarship system under which students are notified of the award of 
scholarships before admission, virtually simultaneously with notification that the student has passed the 
graduate school entrance examination, rather than requiring that students apply for scholarships after 
admission, as in the conventional scholarship system. 
 
From the standpoint of university teachers, because there are fears that increasing English-language 
instruction may reduce the effectiveness of education for Japanese students, conceivable measures include the 
design of programs which enable foreign students to acquire credits by instruction in English alone, by skillfully 
combining the English language courses offered in various specializations, and establishment of joint English 
language courses through cooperation among multiple universities, thereby enabling the selection of a wider 
range of courses by credit exchange. 
 
Section 2 Improving Graduate School Education 
1． Concretization of human resources training targets and visibility of learning process 
Doctoral graduates are expected to play an active role in academia, and also in a wide range of industries and 
occupations outside of academia. The results of the interviews in this study showed that this is the case for 
doctoral graduates, especially in the field of engineering, who are making active contributions to industry. On the 
other hand, it was also pointed out that mismatches exist, in both quantity and quality, between the human 
resources trained in doctoral programs and the human resources demanded by society, and there was a 
perception that this is one factor which prevents talented students from advancing in graduate schools. 
Thus, it is necessary to lay out more concrete targets for the human resources produced by each program, and 
to identify the types of knowledge and skills which students should acquire through the educational process in 
graduate schools, with a gaze fixed firmly on the diversification of career paths. 
(1) Concretization of targets to be achieved, corresponding to diverse career paths, at skill and 
knowledge level 
[Current status] 
Although the educational targets in graduate schools are defined to a certain extent, examples can also be seen 
in which the content that should be mastered in master’s courses, doctoral courses, and at the postdoctoral fellow 
level are not laid out in adequately concrete terms. For this reason, it is considered that the design of educational 
program corresponding to the human resources training targets in each level, and evaluation of the status of 
achievement, have become difficult. In the current situation, for example, when considering career paths in 
industry, the difference between the abilities of doctoral graduates and master’s course graduates is not 
sufficiently clear. This is also considered to be one reason why the added value of doctoral graduates is not 
adequately recognized in society. 
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Furthermore, there is also a mismatch between the fields required by industry, and those pursued by 




In graduate school education in science and engineering in Japan, the main practice is a type of personal 
(individual) training by a mentor through research activities in a laboratory. However, based on the 
diversification of career paths, which now include researcher, university teacher, and highly specialized 
professional occupations, it has become necessary to clarify the respective targets which graduate schools should 
achieve. 
In the United States, graduate study equivalent to the master’s course centers on course work, and students 
perform research in the equivalent of the doctoral course (second part). Therefore, differences in the positioning 
at the stages equivalent to the master’s course and doctoral course are clearly recognized, and doctoral graduates 
are also highly valued in society as human resources who have the ability themselves to discover and solve 
problems. In addition, the postdoctoral training period, which follows completion of a doctoral course, is 
perceived positively as an important period for career formation for becoming an independent researcher.  
On the other hand, at graduate schools in Japan, study generally concentrates on research from the master’s 
course, and as a result, it has become difficult to understand the differences in the capabilities of master’s course 
graduates and doctoral graduates. Likewise, in careers other than university teacher, it is also important to clarify 
the abilities which doctoral graduates possess in addition to those of master’s graduates. For this, industry, the 
government, and other interested parties must cooperate in clarifying the targets required in graduates from these 
courses, promoting the common use of these standards, and ensuring these targets and standards are reflected in 
the program design for fostering the required abilities. 
(2) Enhancing visibility of learning process and including research guidance 
[Current status] 
The learning process of courses taken and evaluations from admission to completion of the doctoral degree is 
not indicated clearly for students when selecting a graduate school and receiving education. At present, what 
students have learned in graduate school education is shown only in the student’s grade transcript. However, 
there is a perception, both on the university side and the industry side,35 that evaluations of performance in 
university courses are not necessarily strict. Furthermore, the grade transcript is limited simply to the name of the 
course and grade (Excellent, Good, Acceptable, Fail), and this is considered to be inadequate information for 
judging the results of the student’s achievements (added value as a result of education). 
 
[Toward improvement] 
It is important to promote visibility of graduate school education for heightening the educational process 
inside/outside of course work at graduate schools in Japan.  
In the comparison of the curriculums of each department in this study, differences could be seen in the United 
States and Japan in the clarity of the learning process, including the conditions to be completed from admission 
until completion of the doctoral degree. It is also considered that visibility of the learning process contributed to 
the selection of graduate schools by students. 
 
z In the United States, in addition to the courses which must be completed, the University of California, 
Berkeley and University of Maryland, College Park also specify concrete standards for recommended 
activities such as experience as RA or TA, lab rotation, and the like as requirements for completion of 
programs. 
z The University of Tokyo Department of Mechanical Engineering has established “Guidelines for Evaluation 
                                               
34 As an example of the setting of human resources training targets and evaluation of the degree of achievement, in the University of 
Tsukuba’s “Achievement Evaluation System for Early Completion of Doctor’s Course Program,” the degree of achievement is classified 
into 8 items, and whether students have reached a level suitable for a degree of course doctor is evaluated in 3 or more stages, including at 
the time of admission, an intermediate examination (within 4 months after admission), qualifying examination (within 8 months after 
admission), etc. 
 Source: Nippon Keidanren, “Recommendations for Next-Generation Education for Surviving the 21st35  Century,” April 19, 2004 (in 
Japanese). 
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of Master’s Thesis Research,” which evaluate master’s thesis research in terms of “processes” such as 
problem identification/setting ability, motivation, and autonomy, and not simply “research results.” 
 
2． Introduction of systematic measures to enable sure education of diverse students 
The expansion in the scale of graduate schools occasioned by the prioritization of graduate schools was 
accompanied by qualitative changes, for example, diversification in the quality (basic academic ability and 
motivation, etc.) of the entering students. Although these quantitative and qualitative changes have increased the 
importance of graduate education, the contents and methods of education have not adjusted adequately to these 
changes, and in the current situation, the quality of education depends on the efforts of the individual teachers 
who directly advise students. The excessive educational load on teachers not only puts pressure on research 
activities, but also reduces the quality of education as such. Moreover, the quality of persons completing degrees 
is particularly a concern in cases where teachers cannot respond properly in educational guidance and the 
examination system is not sufficiently strict. 
In order to deal with these problems, it is necessary to promote a changeover from the current personal-based 
education to systematic and efficient education, for example, by introducing instruction in basic research skills as 
part of the curriculum (although this had conventionally been left to research guidance), and by systemization of 
curriculums. 
(1) Creation of systematic curriculum and strengthening of study guidance 
[Current status] 
Among the graduate students of the past, in some cases, students advancing within the same university 
accounted for the majority, and education could be preconditioned on the fact that students had, as a matter of 
course, studied the core curriculum which formed the foundation of their field while in the undergraduate school. 
However, the expansion in the scale of graduate schools has resulted in continuing diversification of the quality 
and backgrounds of the entering students, and entering students now include graduates from other universities 
and graduates from other fields. As a result, the number of students with an inadequate understanding of the core 
curriculum has increased, and the previous precondition can no longer be assumed. 
 
[Toward improvement] 
Together with clarification of the targets of human resources training discussed above, systematic 
establishment of a curriculum from entry to exit in line with that purpose is also demanded. The fact that 
students can begin research work from an early stage is evaluated as a strength of graduate school education in 
Japan. However, while also considering this, further efforts to improve course work and utilize the 
undergraduate curriculum are desired, thereby making it possible to respond to students who do not have an 
adequate understanding of the core curriculum necessary in their field, such as entering students from other 
fields. 
 
z In the University of Tokyo Department of Physics, innovations have been introduced by dividing some basic 
courses by level as a response to the diversification of students. 
z In the University of California, Berkeley Department of Bioengineering, because this is a new 
interdisciplinary field, this department responds by recognizing undergraduate courses completed by 
students, thereby utilizing the existing resources of other campuses, etc. 
z In the University of California, Berkeley and University of Maryland Departments of Bioengineering, lab 
rotation has been introduced in order to avoid the mismatch between students after entering the graduate 
school and teachers/research themes. 
(2) Introduction of systems for verification of acquisition of knowledge and heightening motivation 
for learning 
[Current status] 
There was view that students’ motivation for learning has not improved because the standards for evaluating 
performance in graduate school curriculums are vague and, as a result, adequate verification that the students 
have actually acquired the expected knowledge is not possible. Moreover, because teachers follow conventional 
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methods of evaluation, strict evaluations of performance remain impossible. 
 
[Toward improvement] 
It is important to promote strict evaluations of performance in individual courses, and at the same time, to 
construct systems for verifying that students have acquired the minimum necessary knowledge through the 
curriculum. It is also important to construct systems for motivating students to seriously study the curriculum. 
 
z At the University of California, Berkeley in the United States, the Department of Mechanical Engineering 
and Department of Physics have established milestones (Qualifying Examination and Preliminary 
Examination) for verifying the results of the course work completed by students and their ability to carry 
out research activities. Under the systems in these departments, students cannot begin research activities if 
they do not pass these milestones. 
z Also at the University of California, Berkeley, the student’s performance in the curriculum is used as a 
standard for employment as RAs and TAs, which is considered to heighten students’ motivation for 
learning. 
(3) Standardization of common research skills and incorporation in course work 
[Current status] 
In addition to the quantitative changes in graduate students, qualitative changes have heightened the load of 
research guidance in laboratories, for example, by necessitating careful guidance of individual students. There is 
also a recognition that the time which teachers must spend an increasing amount of time on activities other than 
educational guidance, such as efforts to obtain competitive funding, and this has reduced the time which teachers 
can spend with students. For these reasons, it has become difficult to maintain the same level of research 
guidance as in the past. 
 
[Toward improvement] 
The basic research skills required in graduate schools are considered to include common content of all 
research fields. In the conventional practice, guidance in this content was also given individually in laboratories. 
However, it is considered important to improve educational efficiency as a whole, and to reduce the educational 
load on teachers, by standardizing and systematizing the basic research skills which are necessary in common as 
far as possible and incorporating skill development in the curriculum. The expected effects of such efforts are 
not limited only to higher efficiency in education, but also include a reduction in the differences in the 
knowledge and skills possessed by students, and guarantee of the minimum necessary levels of knowledge and 
techniques. The United Kingdom has been particularly active in such efforts, and there have also been advanced 
examples of introduction in Japan. 
 
z The University of Sheffield offers common courses in which students learn basic skills such as how to write 
papers, methods of responding to VIVA (interviews in examination of Ph.D. dissertation) as modules in its 
“Research Training Programme.” 
z In the Chemistry program at Tokyo Institute of Technology, an introduction to advanced measuring 
instruments and practice with measuring instruments are offered as required courses or elective required 
courses in the master’s course. 
 
3． Introduction of systems for mastery of wide range of knowledge/skills and internationality 
In graduate schools of science and engineering in Japan, weight is placed on the production of research results 
(master’s thesis, doctoral dissertation) in the student’s field of specialization, and the minimum level of required 
knowledge is not adequately specified. As a result, this graduate education does not provide adequate 
development of problem solving skills which extend beyond the framework of individual specializations. 
Whether students choose an academic or non-academic career, it is difficult to say that they are fulfilling the 
roles expected of recipients of doctoral degrees, namely, of creating new knowledge and integrating and 
commercializing existing knowledge. Thus, it is important to create systems which enable students to acquire 
problem solving skills and the wide range of knowledge which is the source of innovation. 
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(1) Necessity of academic guidance beyond framework of laboratories (specializations) 
[Current status] 
It goes without saying that in doctoral courses (second part of doctoral course), but also in master’s courses 
(first part of doctoral course), the consciousness of students (and their advising teachers) is oriented toward 
determining their own research theme at an early date, and to completing their dissertation as quickly as possible. 
Although this will enable students to concentrate on their research activities, there was also a view that this 
encourages students to take only a limited number of courses other than those which are directly useful for 
preparing their own dissertation from the viewpoint of “completing the number of credits required for graduation 
as efficiently as possible,” and a passive attitude toward research activities which are not directly linked to the 
preparation of their dissertation (for example, participation in interdisciplinary research projects that involve 
more than one laboratory or specialization). Likewise, it was pointed out that students tend to avoid research 
which is unrelated to their dissertation, because they recognize that actual results (research results) are useful 
when applying for research support or scholarships, such as JSPS Research Fellowships. 
In research guidance in laboratories, it was also pointed out that mentors tend to “segregate” their students, 
and students cannot comfortably consider participation in study activities outside their own laboratory, for 
example, in interdisciplinary projects involving other laboratories. 
Furthermore, while there were some examples of academic/research guidance by multiple teachers, there were 
also cases in which guidance was limited to the same discipline, or was limited substantially only at the time of 
examination for the degree. 
 
[Toward improvement]  
It is important to provide a framework for ensuring learning of surrounding knowledge outside of the student’s 
research theme, and provide an environment which enables study and research activities extending beyond the 
frame of individual laboratories. 
 
z In the Department of Physics at the University of Maryland, College Park in the United States, students are 
required to take courses in surrounding subjects outside their own specialization, even within the same field 
of physics. 
z The Department of Bioengineering at the University of California in the United States has established an 
organized guidance system comprising multiple teachers with various viewpoints, including members of 
departments outside of the student’s specialization, thereby creating a system in which the organization has 
responsibility for the research guidance of students. 
z The Department of Mechanical Engineering at the University of Tokyo provides opportunities which enable 
students to broaden their field of vision and acquire knowledge and experience outside of their own 
specialization by participating in research projects extending beyond their specialization (laboratory) 
through a Global COE program. 
(2) Creating curriculums responding to diverse career paths 
[Current status] 
In comparison with the bachelor’s course, the difference in the value added by the graduate school curriculum 
in the master’s course (first part of doctoral course) and the doctoral course (second part) is vague (see 2.). 
Therefore, the graduate school curriculum has not been designed in a systematic, stepwise manner, and the 
relationship between the individual courses and the content that should be taught therein is also in an 
underdeveloped stage. As a result, cases can also be seen in which the courses in the curriculum are offered 
individually by teachers, and the content is left to the discretion of the teacher in charge. 
Some advanced examples can be seen, in which courses are offered considering the differences in career paths 
in academia and industry. However, to the extent that the courses are not required, there are also cases in which 
the courses taken are left to the consciousness of the individual student. 
 
[Toward improvement] 
In order to realize the objectives of the educational programs in each specialization, it is necessary to establish 
the optimum curriculum in a systematic manner, and to implement a system in which individual graduate 
students can receive appropriate guidance on the courses that they should take, considering the differences in 
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career paths in academia and industry. 
 
z In the United Kingdom, each university offers programs in project management, IT skills, presentation skills, 
communications skills, and the like in order to foster transferrable skills which are suitable for diverse 
career paths. 
z The Department of Physics at the University of Tokyo, based on its selection as a Global COE, has 
implemented a program of “off-campus dispatches” under which it promotes experience in different 
research environments and career development by dispatching students to private companies. 
z The University of California, Berkeley in the United States offers a training course for TAs, and requires 
that students take this course in order to become TAs. It was pointed out that the TA experience of graduate 
students not only deepens the student’s understanding of his or her own academic field, but also contributes 
to heightening interest in education and improving skills. 
z At the University of Maryland, College Park in the United States, the Graduate School of Engineering as a 
whole offers a “Future Faculty” program to students aiming at academic posts in order to foster outstanding 
university teachers in engineering fields. In this program, outstanding students are selected from among 
those aspiring to academic posts, training courses for acquiring the skills necessary as university teachers 
are offered, and additional scholarship support is provided to the participating students. 
(3) Creation of educational environment for enhancing international activity of doctoral graduates 
[Current status] 
It cannot be said that doctoral graduates from Japan are internationally active. The necessity of enhancing 
international activity was also pointed out in the interviews in this study. In particular, there is concern that the 
number of foreign students in master’s courses and in doctoral course in sciences is small, and the opportunities 
to make presentations overseas are still limited. Based on this, diverse educational opportunities for motivating 
students and improving their abilities are not well provided, and it is considered that students have not reached a 
level where they can engage in international activities after completing graduate school. 
 
[Toward improvement] 
In order to create human networks with other countries in the mid- to long-term, it is necessary to provide 
diverse opportunities for continuously promoting all types of mobility in both directions, including not only 
long-term foreign study and the like, but also short-term study, from a young stage, and to incorporate this in 
educational programs. 
 
z The Physics Department of the University of Tokyo, under its Global COE program, provides support to 
students registered in the doctoral course for overseas travel to participate in international conferences and 
engage in research activities overseas (maximum: 3 months). 
z The Department of Mechanical Engineering at the University of Tokyo was selected in the Interdisciplinary 
Global Mechanical Engineering Education (IGM) program, under which outstanding students are chosen 
based on applications to the Japan Student Services Organization (JASSO), and these students study 
overseas for 5 months while in the master’s course. In the IGM program, the students themselves must 
prepare plans. Moreover, because the application conditions are strict, selection for this program is an 
accomplishment in which students can take pride. 
z The Graduate School of Engineering at Hiroshima University is working to internationalize its graduate 
school education program, and is also promoting the “Program for Foreign Students Distinguished in 
Technology Transfer” for foreign students in the second part of the doctoral program. These efforts include 
various activities, such as adoption of the English language in courses in the first part of the doctoral 
program, overseas internships, overseas joint research, mutual dispatches of students with foreign schools 
with which Hiroshima University has concluded agreements. 
4． Introduction of efforts enabling continuous quality improvement of education 
At graduate schools in Japan, there are examples in which courses are evaluated by students, but mutual 
observation of classes by fellow teachers is rare. Furthermore, although it is not easy to evaluate the contribution 
to education, there is a view that some type of merit is necessary as an incentive to teachers for teaching. 
Accordingly, it is considered important to heighten the incentives to teachers with regard to educational activities, 
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for example, by ensuring teacher evaluations which include teaching activities, mutual class visits by teachers, 
and the like. 
(1) Use of internal and external evaluations 
[Current status] 
At present, there are virtually no opportunities in graduate school education for teachers to observe the 
guidance methods of other teachers, or conversely, to be observed by other teachers. Know-how in educational 
and research guidance is not shared, and guidance methods are not being improved by mutual stimulation. 
 
[Toward improvement] 
It is considered that education can be improved by utilizing internal evaluations, such as peer reviews by 
fellow teachers in the same specialization, evaluations by the university, and course evaluations by students, and 
evaluations by external teachers and external organizations. 
As mentioned in 3.(1), because of the current situation, in which the opportunities to observe the guidance 
methods of other teachers are extremely limited, it is considered that external evaluations will be a useful 
experience for awareness of educational improvement, even for teachers participating in the evaluation.  
(2) Active evaluation of teaching activities 
[Current status] 
Systems which provide adequate incentives for teaching activities have not been implemented. For example, 
annual evaluations of teaching performance and evaluations at the time of promotion have not been introduced, 
the contribution to education is not properly evaluated, and the results of evaluations are not reflected in 
compensation, commendations, bonuses, etc.. Furthermore, teachers also tend to give higher priority to research 
than to teaching.36 Although the responses showed that this tendency is continuing to improve, it was pointed out 
that there is a gap between teachers in this regard. 
 
[Toward improvement] 
The creation of an environment in which teachers who make particular efforts in teaching activities are 
positively evaluated is expected. Examples include firm establishment of teacher evaluations which also include 
teaching activities and implementation of systems which use the results of such evaluations in improving 
teaching. 
 
z The University of Maryland, College Park in the United States provides evaluation standards for teaching 
activities and research activities in the annual evaluations of teachers, and the results are reflected in 
compensation. 
 
5． Realization of support systems enabling teachers to concentrate on teaching 
In comparison with the number of teachers, support staff providing technical support, administrative support, 
and teaching support are not adequate, both quantitatively (number of persons) and qualitatively (specialization), 
and it has therefore been pointed out that this is an obstacle to teaching and research activities.
It is necessary to improve the current situation, which includes standardized compensation of support staff 
(uniform compensation irrespective of ability/performance) and routine rotation of personnel, and to create an 
environment in which support staff are allocated at appropriate levels for the number of teachers, skilled support 
staff are employed, and higher efficiency is achieved in administrative work as such.
                                               
36 In the “Carnegie International Survey of the Academic Profession,” which was conducted in 1992 and surveyed university teachers in 13 
countries and 1 region, respondents were asked whether they had a stronger interest in teaching activities or research activities. Among the 
Japanese university teachers, a higher percentage (56.0%) were “research oriented,” i.e., had a stronger interest in research activities. Of the 
countries in the survey, Japan ranked second highest in research orientation, following the Netherlands. (From Akira Arimoto, “The 
Changing Academic Profession in Japan,” November 2008 (in Japanese)).  
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(1) Expansion of staff with specializations and higher efficiency in administration 
[Current status] 
The number of technical staff, who play a key role in supporting experiments, including the development, 
maintenance, and control of experimental devices, and operation of devices, is decreasing, and it is considered 
that this is causing restrictions on research activities and increasing the burden on teachers. In particular, in 
addition to technical support in experimental fields, there is a recognition that the number of staff who possess 
expertise in IT and other areas related to teaching and research is not adequate. It was also pointed out that there 
are difficulties in securing excellent support staff by limited-term employment using competitive funds. 
The administrative division staff who possess the ability not only to perform regular administrative work, but 
also to plan and carry out international programs and support teaching and research are also inadequate, and in 
many cases, the teachers themselves must take charge of these tasks. In the case of the national universities, it 
was pointed out that securing and training support staff with a high levels of expertise has become difficult, 
because practices such as personnel rotation and standardized compensation continued even after these 
institutions became university corporations. 
 
[Toward improvement] 
It is important to reduce the load on teachers by securing, both qualitatively and quantitatively, staff who possess 
expertise in research support work, IT related work, school affairs and international related work, etc. 
For this, it is necessary to review personnel systems, including career design for support staff, mechanical 
rotation of personnel, and the standardized salary system, and to improve the expertise of staff and enable 
compensation corresponding to ability. Furthermore, it is also necessary to improve efficiency in administrative 
work as such by promoting improvements in work such increasing efficiency by the use of IT in administrative 
procedures and unification of similar work, outsourcing, etc. 
 
z In the United States, expert staff in charge of grant applications and related management work, and IT and 
other technical support are assigned in each department, and support divisions which are capable of efficiently 
performing specialized work other than research have been well developed. 
(2) Active use of TAs 
[Current status] 
In the current situation, teachers in Japan are responsible for a wide range of work related to education, which 
includes preparation of class materials, actual teaching of classes, grading homework, entrance exams, etc. It was 
also pointed out that the TA position in Japan is simply a type of miscellaneous, “odd job” work. On the other 
hand, at graduate schools in the United States, TAs are responsible for a wide range of educational activities 
such as grading homework and teaching some classes, and this contributes both to reducing the load on teachers 
and to the educational experience of the TAs themselves. 
 
[Toward improvement] 
Placing TAs in charge of support for educational activities is considered important for securing support human 
resources and for the career development of students. Concretely, it is considered that the load on teachers can be 
reduced by placing TAs in charge of a wider range of duties, including grading homework and teaching some 
classes, under the guidance and supervision of a teacher, and the graduate students in TA positions can 
themselves accumulate educational experience. 
 
z At the University of California, Berkeley in the United States, in addition to requiring a certain level of 
academic performance when hiring students as TAs, this school offers training courses for TAs. The TA 
positions are also divided into multiple levels, and the content of duties and pay system are defined for each 
level, respectively. This university has created an environment for securing and improving the quality of 
TAs, for example, by giving commendations and monetary bonuses to students with outstanding abilities 
and records as TAs. 
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Chapter 6  Toward the Future 
In this study, the actual status and issues for graduate school education in science and engineering at 
large-scale research universities in Japan were clarified and examples of advanced efforts toward improvement 
of education were extracted through interviews with 56 persons concerned with graduate school education in 
Japan. In order to identify the conditions necessary for training human resources capable of performing 
educational and research activities on the world’s highest level and obtaining suggestions for improvement, cases 
in other countries were studied, focusing in particular on examples of educational activities at the top level 
graduate schools in the United States and United Kingdom, and efforts were made to grasp the reality of those 
activities through interviews with concerned persons in those countries (14 persons each in the United States and 
United Kingdom). 
 
From the interviews in Japan, it became clear that, as perceived by teachers, some students with an inadequate 
mastery of basic knowledge and motivation are advancing to graduate schools, and it has become difficult to 
attract excellent students to doctoral programs. These comments apply to both domestic and foreign students. 
Where the quality of students is concerned, expansion of the scale of graduate schools and the fact that achieving 
full capacity has become an end in itself were mentioned as background factors. Reasons mentioned for the 
inability to attract excellent students to doctoral programs included a perception among students that a doctoral 
degree is not necessarily an advantage for working actively in diverse field and positions in society, the declining 
attractiveness and possibility of securing academic posts, which had been considered the main career path for 
doctoral graduates, and inadequate economic support to encourage advancement to doctoral programs. 
 
In general, because graduate students in Japan begin their research activities in the master’s program, the 
difference, such as in the knowledge and skills, obtained though education in master’s and doctoral programs is 
not clearly recognized in society. However, in the United States, it was pointed out that the difference in the 
positioning of master’s and doctoral programs is clear, because master’s programs are fully devoted to course 
work and research activities begin after completing the master’s program. Against the background of graduate 
school education in the United States, the points revealed by the interviews in the US included the idea that 
acquisition of a wide range of knowledge through course work is necessary and indispensable for improving the 
research work which follows, and importance is attached to the ability of Ph.D. graduates to discover problems 
and devise and implement solutions, even when dealing with topics outside of their own region of specialization. 
This difference can also be seen in differences in the places where recipients of doctoral degrees work in 
American society, and in their roles and compensation. 
 
At the Japanese universities studied here, because research guidance was formerly given mainly to a small 
number of students who advanced within the same university, expansion of course work considering the 
diversity of students, including knowledge acquired previously, career paths, and the like, was not necessarily a 
priority. In contrast to this, in the interviews in the United Kingdom, teachers in graduate schools showed a 
recognition that courses responding to the expansion in the scale of graduate schools and the diversification of 
students are effective. On the other hand, in Japan, there were scattered examples of differences between 
teachers regarding substantiation of graduate school education, and a condition in which those concerned were 
searching for a balance between research guidance and teaching guidance could be seen. In this, issues related to 
the consciousness and motivation of teachers remain. Furthermore, in realizing this, the effect of external factors 
must also be considered; these include the fact that students begin job-seeking activities from the second half of 
their first year in master’s programs, a recognition that actual results are necessary before application for the 
Japan Society for the Promotion of Science Research Fellowship (DC: doctoral students) and so on. 
 
In the education of human resources with advanced specialized knowledge in graduate schools, plans prepared 
from a long-term viewpoint and steady daily academic guidance are necessary. However, in an environment of 
international competition and collaboration, there are also issues which must be addressed quickly, and some 
advanced efforts in frontline education in Japan can already be seen. Further improvement in education by 
widely sharing these efforts by individual universities is important. At all universities, improvement of the 
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support system through expansion of support staff who possess expertise and higher efficiency in administrative 
work, to enable teachers to concentrate on educational activities, and internationalization of graduate school 
education through sharing of resources, including exchange of credits and the like, are also considered effective. 
 
This study revealed a variety of issues for graduate school education in science and engineering. However, 
analysis from the viewpoint of the financial structure and forms of organization of universities remains as an 
issue for future study. Although this study focused on large-scale research universities which are capable of 
competing internationally in science and engineering, for example, in order to study policies in Japan as a whole, 
an analysis which considers the mode of establishment, the scale of the graduate schools, and differences in 
specialization is necessary, and a study which considers the future effects of Japan’s low birthrate from the mid- 
to long-term viewpoint is also needed. 
 
Finally, in order to train and produce human resources who possess the advanced specialized knowledge and 
techniques in which Japan leads the world, it is indispensible to realize attractive graduate school education that 
can attract students who possess outstanding ability and motivation. It goes without saying that this problem 
cannot be solved simply by improving graduate school education, but is also closely related to education prior to 
graduate school, and to how society utilizes graduates from graduate schools, and particularly human resources 
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Chapter 1  Background and purposes of survey 
Japan’s Third Science and Technology Basic Plan points out the need for improved efforts to foster doctoral 
graduates who can flourish in diverse roles in society. The Plan states, "Snce it is extremely important for each 
university to know information about the career paths of doctoral graduates and to utilize that information in 
improving the quality of its education, each university is required to continue to obtain such information." 
Understanding the activities of doctoral graduates, especially in terms of career-path diversity and international 
mobility, has also become important for considering the proper means of fostering human resources through 
Japanese doctoral education and for planning science and technology HR policy from a global perspective. 
We recently carried out a comprehensive survey of this subject for the first time in order to assess the diversity 
of career paths and international mobility of recent doctoral graduates in Japan. The survey was conducted as a 
part of the follow up to the Third Science and Technology Basic Plan, with the aim of contributing to the 
establishment of the Fourth Basic Plan.  
 
Chapter 2 Overview of survey 
Our survey targeted all doctoral graduates (including those who withdrew upon obtaining required credits) 
from Japanese universities during FY 2002–2006, and collected data on individual characteristics (sex, age, 
nationality, etc.) and career paths (occupation, location, affiliation, etc.) after completion of the doctoral degree. 
The survey was conducted from July through October 2008. Questionnaires were sent to all 414 universities 
offering doctoral courses.37
All 414 universities which were asked to participate in the survey responded. Data were collected on 75,197 
individuals who completed doctoral courses. As this is approximately the same number (difference of 0.8%) as 
that aggregated by the Ministry of Education, Culture, Sports, Science and Technology in its Basic School 
Survey, the goal of making a complete survey was achieved with a high degree of accuracy. 
 
Chapter 3 Survey results 
The collected individual data were analyzed primarily from the perspectives of doctoral graduates' (1) 
career-path diversity, (2) post-doctoral changes of occupation, and (3) international mobility. 
(1) Career-path diversity (occupation immediately after completing doctoral courses) 
• Looking at occupations immediately after completing doctoral courses, 15% became 
postdoctoral researchers, and 19% took university faculty positions. Thus, 
approximately half of those completing doctoral courses during FY 2002–2006 took a 
position related to research and development. On the other hand, only 4% took 
positions requiring specialist knowledge (other than physician, dentist, veterinarian, or 
pharmacist). (See Figure 2 - 1.) 
• By research field, of those who took a research and development related position, the percentages for 
physical science, engineering, and agricultural science were particularly high, accounting for more than 60%. 
Furthermore, for postdoctoral researchers, the percentages for physical science and agricultural science were 
also high, at around 30% each. Among those taking research and development positions in sectors other than 
universities (excluding postdoctoral researchers), the percentage in engineering stands out, while in health, 
many took specialist positions such as physician. (See Figure 2 - 2.) 
 
                                               
37 Our survey collected data on individual doctorate recipients, but the data are only those that are known by each institution. Collection of 
data directly from the doctorate recipients is not assumed in the survey. 
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 Occupational classifications in survey No. Pct.
Postdoc 11,033 14.7%
Research Associate 3,630 4.8%
Assistant professor 1,531 2.0%
Full-time Lecturer 1,872 2.5%
Associate professor 1,000 1.3%
Professor 278 0.4%
University faculty other than the above (including unknown rank) 5,973 7.9%
Research group leader or senior researcher outside a university 1,075 1.4%
Other R&D position 11,179 14.9%
Teacher (kindergarten/school for disabled children/elementary/junior high/high school) 703 0.9%
Other teaching position (exam coaching/prep school instructor, etc.) 309 0.4%
Education-related position other than the above (office work, etc.) 227 0.3%
Physician/dentist/veterinarian/pharmacist 10,140 13.5%
Intellectual property-related position (attorney, patent attorney, etc.) 85 0.1%
Specialized management position (CPA, tax accountant, etc.) 84 0.1%
Industry-academia relations coordinator 14 0.0%
Science and technology communicator (science reporter, curator, etc.) 121 0.2%
Other non-R&D position requiring specialist knowledge 1,881 2.5%
Public employee (other than teaching-related position or position requiring specialist knowledge) 432 0.6%
Other non-R&D-related position (office work, etc.) 929 1.2%
Business startup (venture, etc.) 153 0.2%
Student 2,176 2.9%
Full-time homemaker 328 0.4%
Not employed (other than full-time homemaker) 1,690 2.2%
























































Figure 2 - 1 Breakdown of occupations immediately after completing doctoral courses  





















































































Figure 2 - 2 Occupations immediately after completing doctoral courses by research field  
(for all doctorates completed during FY 2002–2006) 
(2) Post-doctoral changes of occupation 
• Looking at those who became postdoctoral researchers immediately after completing doctoral courses, of 
those who graduated one year earlier (in FY 2006), 47% were currently (as of April 1, 2008) postdoctoral 
researchers, 7% were university faculty (full-time), and 5% held research and development related positions 
in sectors other than universities (excluding postdoctoral researchers). For those who completed their 
doctoral courses five years earlier (in FY 2002), the respective percentages were 23%, 24%, and 11%. As 
time passes, the percentage in research and development related positions other than postdoctoral research 


























































Figure 2 - 3Current occupations of those taking postdoctoral research positions immediately after completion of 
doctoral courses 
(3) International mobility 
• As for the locations immediately after completing doctoral courses, 73% of Japanese graduates remained in 
Japan, while only 2% moved overseas. North America and Europe were the main overseas destinations. 
Most of those moving overseas went to positions as postdoctoral researchers. (See Figure 2 - 4 and 5.) 
• Of Japanese who completed doctoral courses and immediately became postdoctoral researchers in the USA, 
the percentage who returned to Japan increased with each year after completion. In particular, more than half 





















Figure 2 - 4 Locations of Japanese graduates immediately after completion of doctoral courses  











































































Postdoc University faculty (full-time)
University faculty (other) Other R&D-related position
Physician/dentist/veterinarian/pharmacist Position requiring specialist know ledge
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Figure 2 - 5 Locations and occupations of Japanese graduates immediately after completion of doctoral courses 
























































Figure 2 - 6 Current locations of Japanese graduates who became postdoctoral researchers in the USA immediately after 
completion of doctoral courses 
*"All" refers to all people of Japanese nationality who completed doctorates and immediately thereafter became postdoctoral 
researchers in the USA. 
 
• Of international students who completed doctoral programs, 30% remained in Japan immediately after 
completion, while at least 31% moved overseas. (See Figure 2 - 7.) 
• Of international students who completed doctoral courses and found employment in Japan immediately after 
completion, the percentage taking a research and development related position in sectors other than 
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38universities was higher than that of those moving to their home country or a third country.  Those who 
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Figure 2 - 7 Locations of international graduates immediately after completion of doctoral courses 































Postdoc University faculty (full-time)
University faculty (other) Other R&D-related position
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Figure 2 - 8 Locations and occupations of international graduates immediately after completion of doctoral courses 
(for all doctorates completed during FY 2002–2006) 
Of 12,633 international graduates, the countries of origin were known for 9,838. The locations of 3,136 of these 
graduates were unknown, and 630 were not yet employed. Of the remaining 6,072, those whose location immediately 
after completing doctoral courses was the same as their country of citizenship were counted under "Home country," 
those whose location was Japan were counted under "Japan," and those whose location was a country other than their 
home country or Japan were counted under "Third country." 
                                               



























































Figure 2 - 9 Current locations of international graduates who remained in Japan immediately after completion of doctoral 
courses 
Of the 3,136 international graduates whose location immediately after completing doctoral courses was "Japan" (Chart 
8), those whose place of employment is in their country of citizenship were counted under "Home country," those 
located in Japan were counted under "Japan," and those whose location was a country other than their home country or 
Japan were counted under "Third country." 
 
Chapter 4 Further consideration 
From the results of this survey, the following topics deserve further consideration. 
 
• Of those who become postdoctoral researchers immediately after completing doctoral courses, some 
advance to research and development related positions (especially university faculty, etc.) other than 
postdoctoral research positions. However, even after five years, a certain number remain in postdoctoral 
research positions. The proper type of support for those employed as postdoctoral researchers for extended 
periods of time should be considered. 
• Few Japanese graduates moved overseas immediately after completion of a doctoral degree (excluding 
students and those not employed), indicating the limited international mobility of Japanese doctorates. 
However, a high percentage of those with research experience in foreign institutions during their doctoral 
courses tends to move overseas immediately after completion. In light of this fact, it is important to build an 
environment that will promote greater international mobility of Japanese doctorates. 
• As for international graduates, even those who found work in Japan immediately after completion tend 
subsequently to leave the country. In order to realize the 300,000 International Students Plan, it is important 
to understand the background factors affecting decisions to leave Japan. 
• In order for Japan’s doctoral graduates to participate in diverse sectors of society, a sustained grasp of 
accurate career path information is fundamentally important. Likewise, from the perspective of verifying and 
improving their own educational results, universities with doctoral courses should make further efforts to 
grasp career path trends among doctoral graduates and actively share that data. From the perspective of 
establishing Japan's science and technology policy, because the occupations of doctoral graduates easily 
change for a certain period of time after they complete their doctoral courses, the establishment of 
























In this study project, issues related to graduate school education and securing students were investigated, 
mainly by conducting interviews (56 persons in Japan, 14 persons in the United States, and 14 persons in the 
United Kingdom), and the career paths of persons who had completed doctoral courses in Japan were 
investigated by a questionnaire survey of all universities with doctoral courses. Issues in graduate school 
education and securing students and examples of related efforts, and the career paths of doctoral graduates in 
Japan, were identified and analyzed through this study.   
Concretely, in Part 1, an international comparison was made, focusing on acquiring students (entrance) and 
education (process), mainly at large-scale research-oriented graduate schools of science and engineering. In Part 
2, the career paths (exit) of persons completing graduate courses in Japan were surveyed and analyzed. Although 
the objects of study in the two parts were different, these study items are mutually related. For example, among 
the impediments to advancement to doctoral courses, which was an issue in Part 1, it was pointed out that the 
lack of transparency regarding career paths after completion of a doctoral degree is a factor. Likewise, from the 
viewpoint of enabling each university to verify and improve its own educational results, it is important to study 
the proper form (process) of graduate school education based on accurate information on the career paths of 
doctoral graduates. 
The various issues related to the training of human resources in graduate schools are important topics which 
require detailed individual study. However, the present study is significant as a comprehensive study which 
focuses on the process of human resources development. It is hoped that the results of this survey will be used as 
basic information for studying improvement of graduate school education and higher education policy. 
Particularly with regard to the career paths of doctoral graduates, it is considered that the results will contribute 
to the diversification of careers for students and the selection of career paths. 
In this study, interviews were conducted, centering on university teachers. However, a more complete study 
which also considers the standpoints of students on the side receiving education and industry on the side 
employing doctoral graduates may also be necessary. As issues for future study, for example, a detailed study of 
the impediments to securing excellent students, assessment of the actual conditions of university management 
and educational and research support systems, and an ongoing assessment of the career paths of doctoral 
graduates may be mentioned. For improvement of graduate school education in the future, together with a 
macroscopic understanding of the relationships among the individual issues, integration of the detailed survey 
and analysis results for the individual issues is considered effective. 
 
Recommendations from Members of the Project Committee 
In carrying out this study, a project committee was established and participated in the study. In compiling the 
final report, the committee pointed out the following issues as particularly important items or related items 
which are difficult to discuss based on the study results, but are nevertheless important. 
This report clarified a diverse range of issues for graduate school education in Japan. However, for 
improvement of graduate school education in the future, it is necessary to divide these into issues which should 
be addressed immediately and issues for efforts with a longer-term perspective, and to implement measures 
based on the degree of priority. 
1． Establishment of systems enabling teachers to concentrate on teaching and research activities 
Universities teachers in Japan devote an excessive amount of labor to matters other than teaching and research. 
In order to improve the quality of education, it is necessary to make efforts to reduce the multiple loads on 
teachers in areas outside of teaching and research, not limited to direct action, but also, for example, by dealing 
with the root causes which prevent teachers from devoting their full efforts to teaching and research, such as 
involvement in entrance exams, involvement in various types of evaluations, miscellaneous work accompanying 
applications for competitive funds, and the like. Concretely, this should include the establishment of 
administrative support systems in graduate schools and optimization of the numbers of students and teachers. 
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(1) Establishment of administrative support systems 
In universities, measures to improve efficiency by introducing comprehensive management systems for 
administrative work and outsourcing of administrative work like those seen in private companies have been 
delayed. As a result, a large number of educators are assigned, for example, to respond to surveys from external 
bodies. The national government should secure a budget and provide support for common administrative reforms 
in these universities. 
It is considered that the above would be extremely effective for improving internal administrative efficiency in 
universities, and for reducing the miscellaneous work load on teachers. 
(2) Optimization of numbers of students and teachers 
Comparing the top level laboratories in Japan with those in Europe and the United States, there is an 
impression that the graduate student-teacher ratio is high in Japan. In order to implement well-maintained 
graduate school education on the same level as in Europe and the United States, first of all, it is necessary to 
study the proper admission capacity. Together with this, it is also necessary to consider measures to secure 
appropriate numbers of students and teachers in actual classrooms and laboratories, and to create an 
organizational system of academic and research guidance and review the allocation of teachers, so as to realize 
high added value in graduate school education. 
(3) Increased funding for research 
A further increase in funding for research is necessary. There has been no substantial increase in competitive 
funds in some fields, and operating subsidies are decreasing across the board at Japan’s national universities. For 
this reason, teachers must invest a great amount of time in acquiring research funds, and as a result, cannot 
allocate adequate time to teaching. Education and research are a unity in graduate schools, and education is not 
possible if the effort to acquire research funds is abandoned. Because the environment in which university 
faculty conduct professional research has been inadequately prepared in comparison with the United States and 
other countries, it is reasonable to assume that teachers who apply themselves fully to teaching and research will 
be exhausted by their work. 
The present generation of teachers may possess the perseverance necessary to work in this kind of 
environment, but the students who should be their successors no longer believe the position of teacher is an 
attractive career option. Accordingly, it is necessary to further increase support for research funding, in 
combination with improving the teaching and research support systems. 
(4) Necessity of improving facilities 
As a perception of teachers, while improvements in facilities and equipment in the teaching and research 
environment are progressing, poor conditions such as cramped space for teachers can be seen, as in the past. The 
overall deterioration in facilities and buildings due to age, also including the problem of seismic retrofitting, is a 
serious issue which demands further improvement. 
 
2． Improvement of Graduate School Education 
(1) Fostering excellent students 
Although ensuring the training of diverse students is a precondition, it is necessary to provide education so 
that talented students are given further opportunities for growth. 
(2) Systems enabling diverse economic support 
When adequate support is provided to excellent students, at present, there are cases, depending on the system, 
in which it is realistically difficult to provide simultaneous support for other applications due to strong budgetary 
restrictions. Thus, in responding to the present circumstances, in which economic support for graduate students 
is becoming increasingly diverse, it is necessary to establish flexible systems that are capable of realizing 
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economic support combining the Research Fellow system of the Japan Society for the Promotion of Science 
(JSPS), which is the main source of support for graduate students, economic support by competitive funding, 
tuition exemption by other sources of funding, and others. 
(3) Improvement of the teaching ability of teachers 
In order to improve the teaching ability of teachers, mutual observation of classes by teachers and evaluations 
by students are indispensable. It is also necessary to improve the abilities of students so that they are capable of 
making proper evaluations. 
(4) Advanced liberal arts education responding to graduate school education 
It is necessary to study, unfettered by preconceptions and conventions, implementation of transitional liberal 
arts education from the undergraduate level which is suited to graduate schools. The conceivable contents 
include, for example, scientific literacy, scientific ethics, and acquisition of knowledge outside of the student’s 
specialization and in interdisciplinary fields. While also referring to examples in other countries, it is important 
to realize this in a way that takes advantage of the early maturity of graduate schools in Japan, where research 
work begins in the first year of the master’s course. 
(5) Necessity of studying integrated educational systems for undergraduate, master’s, and doctoral 
programs 
Based on the fact that the rate of advancement to graduate schools is increasing, it is necessary to study a 
systemic framework for 6-year integrated education in the undergraduate and master’s courses, 5-year integrated 
education in graduate schools in the master’s and doctoral courses, and further 9-year integrated education from 
the undergraduate level through graduate school as necessary, in each university, graduate school, and 
specialization. 
Integrating education by internal advancement and securing the mobility of students is an issue, and it is 
desirable that graduate schools have various systemic features. 
 
3． Environment Surrounding Graduate School Education 
(1) Clarification of the role of foreign students 
If the national government is to invest funds in attracting foreign students, it is necessary to clarify the aims of 
this policy, and how such students will contribute to science and the economy in this country, not only while 
they are students, but also after completing graduate school. 
(2) Social acceptance of doctoral graduates 
In Japan, the social acceptance of doctoral graduates in the society as a whole, including industry, is not as 
high as in the United States. Accordingly, together with improving education in graduate schools, it is also 
important to create the social conditions which will enable human resources who have received an excellent 
education to play an active role in society. It is necessary that universities provide an excellent education and 
also actively publicize the content of that education in society. Furthermore, employment of doctoral graduates 
by the universities themselves may also be necessary from the viewpoint of improving the teaching and research 
support systems. 
(3) Issues related to education prior to graduate school 
In order to improve education in graduate schools, it is necessary to improve primary and secondary education 
and undergraduate education before students advance to graduate schools. It is not possible to cultivate the 
abilities of doctoral graduates through graduate school education alone; it also is necessary to lead students to 
acquire abilities and motivation enabling them to respond to advanced graduate education through 
primary/secondary education and education in bachelor’s courses. 
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(4) Assessment and distribution of information on graduate education and doctoral graduates 
It is necessary to improve information analysis of existing statistical studies such as the School Basic Survey, 
etc. and assess the career paths of doctoral graduates by individual universities. Regarding the acceptance of 
doctoral graduates in society, universities have not adequately assessed the careers of their doctoral graduates, 
and are also responsible in this regard. For example, follow-up studies on graduates at each university are 
necessary, with a target of continuing for at least 10 years. It is also important that the academic societies in 
respective fields assess the career paths of doctoral graduates, conduct studies on the curriculums in graduate 
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